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Preface 


The field of forest protection embraces a variety of subjects each of 
which might be a special study in itself, as for example, forest fires, 
forest insects, and forest diseases. But all these diverse subjects are 
related and have a common meeting ground, where the forester is 
concerned, in their injurious influence upon the forest. Protection of 
the forest from its numerous enemies is essential for success in the 
management of forest lands. The student of forestry can best gain and 
appreciate this viewpoint by considering forest protection in its entirety 
in relation to the forest. 

In a properly balanced undergraduate forestry course, time adequate 
to develop specialists such as forest entomologists, forest pathologists, 
or forest fire experts cannot be afforded. What can be done is to equip 
the student with a well-rounded knowledge of the whole problem of 
forest protection in its relation to the growing of forests. The book 
has been written with this purpose in mind. 

The book is not intended to be an engineering or administrative man- 
ual for any of the phases of forest protection. Valuable as these manuals 
undoubtedly are for the practicing forester, they are not particularly 
suited for student instmetion in schools giving a full course in forestry. 
The principles which underlie protection, rather than detailed instruc- 
tions for carrying on specific types of work, constitute the material that 
should be covered in a course in forest protection. 

Technical names of the tree species mentioned in the text have been 
listed in the Appendix, SudworiKs Check List, with changes as approved 
by the U. S. Forest Service Tree Name Committee in January 1940, 
has been followed with respect to all native species. 

Technical names of fungi and insects mentioned in the text are also 
given in the Appendix. 

R. C. Hawley 
P. W. Stickel 

June 1948 
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CHAPTER 


General Considerations 


THE PLACE OF FOREST PROTECTION 

Forest protection is that part of silviculture which deals with the 
protection of the forest against various injurious agencies. It is an 
essential part of silviculture and must be given a place in any thorough 
covering of the subject. Forest protection, however, may be studied 
separately from the other parts of silviculture. When this is done, the 
fact that forest protection is an important part of silviculture should 
never be forgotten. The object of a general course in forest protection 
is to acquaint the forester with all branches of the field and to ground 
him thoroughly in the interrelations between forest protection and the 
other parts of silviculture as well as forest management. 

The injurious agencies are so numerous and many of them are so 
destructive that the production of profitable tree crops is impossible 
unless adequate protection is afforded. This situation is analogous to 
that existing in all other branches of plant crop production. Protection 
is fundamental for growing either agricultural or forest crops. 

Appreciation of this fact with all that it implies is always slow to 
develop in regions where forestry is in the initial stages. With the 
passing of the virgin forest, which was produced without conscious 
effort, the growing of tree crops starts. As these new crops are estab- 
lished, cared for, and observed, it dawns on the practitioner that his 
most important and difficult problem concerns protection from various 
enemies — ^many of which threaten complete ruin to the crop. Each 
locality has problems of protection peculiar to itself, but the same 
broad types of enemies occur throughout the world. In America four 
great types of injurious agencies assume paramount importance, 
namely, fire, insects, fungi, and domestic grazing animals. 

1 
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Until recent years, protection in America centered around the pro- 
tection of old growth timber or preservation of values already existing 
in the virgin forest. Now forest protection in this country has entered 
the stage in which emphasis is placed upon the protection afforded the 
growing crop. It is difficult for us, because experience is lacking, to 
understand how important a part forest management and the practice 
of silviculture itself may play in controlling or at least tempering in- 
jurious influences and in minimizing the damage which they cause. 
The least expensive yet most effective forest protection can be secured 
only through sound methods of management and of silviculture applied 
on a forest property over a long period of time. 

The problem should not be viewed simply as a question of organizing 
on the spur of the moment to meet each injury as it occurs. That is a 
hand-to-mouth procedure useful temporarily in times of emergency, but 
not the sort of policy which should be accepted as satisfactory in a 
planned system of forest management. Instead, all potential sources 
of damage should, if possible, be recognized and evaluated before the 
emergency arises. Under this principle the management of the prop- 
erty is so conducted that losses from injurious agencies, when they 
become threatening, are held to the minimum damage. Often the ac- 
tivity of one injurious agency leads directly to the development of some 
other source of injury. The forester must know the original source and 
be able to plan his protection to avoid or minimize the danger from 
that source. 

Injurious agencies may be made potentially more dangerous or, on 
the contrary, damage from them may be minimized as a result of silvi- 
cultural operations in the managed forest. 

Injuries to the forest ordinarily can be held to relatively small pro- 
portions where silviculture is applied intensively. For example, a good 
transportation system with numerous wood roads, which enables fre- 
quent return to all parts of the forest, makes it possible to salvage in- 
jured material and, hence, to hold damage to a minimum. Further- 
more, where management is intensive, the forest ordinarily is staffed by 
a good class of employees, adequate in number to provide frequent and 
close observations leading to discovery of sources of injury in the early 
stages of their attack. 

In contrast to the favorable protective influence which the managed 
forest may exert, it may also increase the likelihood of injury. The 
managed forest usually contains fewer species (often only one species) 
than the virgin forest. This scarcity of species changes the long-estab- 
lished composition of the natural forest and thereby modifies biological 
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relationships. In the long run an increased amount of injury may 
result. 

The probability of such changes is particularly true in the first stages 
of forestry through which the United States is now passing. The eco- 
nomic necessity for heavy cuttings in some places and the predominance 
of inferior species in others, coupled with the gregarious habits of many 
American tree species, has already led to the establishment of numerous 
pure evenaged stands of large size. There may be nothing unsound in 
this situation. In fact, the original or climax forest may be pure, as is 
the case with ponderosa pine. Pure stands oftentimes are just what the 
forester wants, and under correct management they may be as produc- 
tive in volume as, and more productive in financial return than, those 
of mixed composition. The investigations of Burger (1928) * in Swit- 
zerland indicate that pure and mixed stands have approximately the 
same volume increment. However, he prefers mixed stands for their 
more effective soil protection, greater ease of regeneration, and greater 
safety from damage. Champion (1933), who attempted to find specific 
instances in Europe of losses directly attributable to the pure composi- 
tion of the stand, reports negative results from his search. 

Whether pure or mixed crops arc more productive is beside the point 
as far as protection is concerned. The controlling factor should be 
safety from injurious agencies. It is true that large evenaged pure 
stands are concentrated risks in that an enemy gaining a foothold and 
finding suitable conditions for development may cause heavy losses. 
Safety is frequently secured by scattering risks. This idea applied to 
forest crop production suggests the advisability of employing one or 
more of the following steps: (1) mixing several species in each stand, 
(2) growing timber in unevenaged stands or restricting the size of an 
evenaged stand to a relatively small area that is adjoined by stands of 
other ages, (3) where pure stands are grown, having the individual 
stands of small size. 

However, the higher financial returns likely to be secured from pure 
than from mixed stands, and the greater simplicity in management of 
the former, will lead to the maintenance of many pure forests which, if 
made of the right species in small stands and skillfully managed, should 
be successfully grown. To be safer than pure stands mixed stands must 
contain some injury-resistant species as well as the nonresistant. The 
possibility exists that these resistant species may turn out to be less 
resistant than when first considered. They may likewise be so much 
less productive than the nonresistant species as to offset greater damage 

* References cited will be found at the end of each chapter. 
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to the latter. The forester must attempt to weigh properly all these 
factors in planning his forest. 

An unevenaged stand in which all ages from the seedling to the 
mature tree were intermingled undoubtedly would be the safest age 
form. The difficulties of obtaining and maintaining this type of age 
arrangement are so great that it will rarely be developed. Adequate 
irregularity will be secured if evenaged groups of different ages are 
interspersed. Under favorable conditions, small evenaged stands of 
several acres each adjoined by stands of other ages will be safe. 

Experience with this system in Germany is instructive. In that 
country widespread use of the clearcutting method with artificial 
reproduction, the use of species not suited to the site, is now recognized 
as the primary source of far-reaching and extensive injuries to the 
forest. This illustrates the fact that adequate forest protection during 
the life spans of the present and the succeeding forest crops often hinges 
upon details of forest management and silviculture, which at first 
thought might not seem important to forest protection. To sum up, it 
may be that it is more dangerous to grow a forest under intensive man- 
agement than to let it develop unhampered. But it should be borne in 
mind that the unmanaged or uninhibited forest which in some quarters 
is regarded as ^^safe’^ from injurious agencies actually is simply the 
composite vegetation which the injurious agencies on that location have 
not destroyed. Such a forest, while perhaps absolving the forester of 
all responsibility for results, does not measure up to modern standards 
in productivity. 

Essentially the same idea is brought out by Weir (1936, p. 3), who 
points out that, as man enlarged his power over nature by, for example, 
the art of cultivating the ground and domesticating animals, he assured 
himself a less precarious and more abundant existence. This applies 
in forest crop production as well as in agriculture. 

Wagner (1930, p. 331) recognizes that it may be more dangerous 
to manage a forest intensively than to let nature determine the com- 
position. He indicates that forest management must continually pro- 
gress toward more intensive application and must not return to the old 
^^safe^^ unevenaged mixed forest. 

CLASSIFICATION OF INJURIOUS AGENCIES 

In the classification of agencies injurious to the forest considerable 
choice of arrangement is available. The arrangement given in this 



Classification of Injurious Agencies 5 

book is believed to be the most logical. The subject is divided into 
six general classes of injurious agencies listed as follows: 

1. Forest fires. 

2. Plants, including fungi, mistletoes, and forest weedf. 

3. Insects. 

4. Domestic animals. 

5. Wildlife (animals other than insects and domestic species). 

6. Atmospheric agencies. Under this heading are included injuries 
from heat, frost, drought, water (including injury from floods, erosion 
caused by water, landslides, snow, ice, hail, and avalanches), air 
movements (including the effects of drifting sand and erosion caused 
by wind), lightning, poisonous gases, and smoke. 

In the minds of most men managing American forest properties, fire 
has held first place among destructive agencies against which the forest 
must be protected. This viewpoint has resulted in directing protection 
efforts principally against fire, often with scanty attention paid to pro- 
tection against other types of enemies. Centering of interest on fire 
has been a natural and logical development, since fire threatens im- 
mediate and total destruction of the forest (often within a few hours), 
consumes neighboring buildings, and may destroy human life. As an 
essential for growing forest crops, the danger of destruction by fire 
must be reduced. However, the urgent necessity for accomplishing this 
should not cause neglect of the other branches of protection. 

In a given region, either insects or injurious plants may, and often 
do, cause more loss in a year than fires do. Their work of destruction 
is generally slower, less spectacular, and not so readily susceptible of 
quick control as fire. However, they are at work at all times, and no 
forest area is free of them. Injuries inflicted by grazing animals are 
frequent and widespread. It is probable that in some parts of America 
losses from grazing injury exceed those from any other source. Over 
restricted areas, damage from wildlife may prove the most important 
source of loss. 

The extent of forest damage caused by atmospheric agencies, al- 
though continually in evidence, is even more difficult to estimate than 
that caused by other agencies. The effects of heat, cold, drought, water, 
and other atmospheric agencies are so universal and yet so intangible 
of appraisal that comprehensive estimate of the injury is impracticable. 
Without doubt the sum total of such injuries may exceed in some years 
those caused by other enemies. Certain it is that abnormal weather 
is at the root of many of the sources of injury not classed as atmos- 
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pheric, such as attacks of many insects and fungi. Though often over- 
looked, weather is the underlying cause of the injury inflicted on the 
forest by fires. Without favorable weather, fires cannot burn. 

The significant point to remember when comparing damages from 
different sources is that any one of these injurious agencies may be of 
critical importance locally and powerful enough to destroy the forest. 
If this fact is kept prominently in mind the proper attitude toward 
forest protection follows naturally and leads the forester to appreciate 
the necessity for a well-balanced outlook on the protection problem. 

Forest protection in its application to controlling injurious agencies 
includes a highly specialized group of subjects. The classification and 
description of injurious agencies, the scientific facts which must be 
known in order to have a sound basis for determining control methods, 
and the administrative problems connected with control and prevention 
of losses call for the development of specialists in several of the more 
important branches of forest protection. No one forester is likely to be 
an expert in all phases of protection, and it is unnecessary that he be a 
specialist in even one branch. 

Every forester, although not a protection specialist, must grasp the 
importance of the protection problem, must possess the ability to dis- 
cover the injurious agencies, must understand the principles governing 
control of the enemies which he finds in his forest, and, finally, must be 
able to organize and apply the necessary control measures. For help 
as regards technical details concerning any injurious agency he should 
call upon the specialist in this field. In the long run the forester in 
charge of a forest will control and carry out the necessary protective 
measures, fitting this work in with his other activities. The protection 
specialist in whatever field he may be working should recognize that 
his job is to cooperate and assist in the forest management of the area 
and that his line of protection is not an end in itself but important 
simply as an aid to better fore&t management. 

PREVENTION— ITS IMPORTANCE 

The most important principle in forest protection for all types of in- 
furious agencies is that prevention of the start or development of an 
injurious agency is far more effective than attacking after the damage 
is under way. 

Within recent years recognition of prevention as the most important 
principle in forest protection has come to be universal. However, it is 
doubtful whether the extension of this idea throughout all silvicultural 
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and forest management operations for the long-period viewpoint has 
yet gained adequate application. Results in preventing damage to the 
forest secured by wise application of management and silviculture are 
a long time in coming, but ultimately the results so secured are more 
enduring and less expensive than more direct methods of protection, 

A thorough appreciation of forest protection is fundamental for in- 
telligent management of a forest property. The protection goal is the 
safeguarding of the continuous productivity of the property. This can 
be accomplished most effectively by growing a forest of such character 
that injury of an extensive and serious nature is prevented. Wagner 
(1930) has stressed this idea, which he considers of primary importance 
if the new and increased possibilities of injury, introduced by forest 
management, are to be overcome. 

Evidently the word ^^prevention^^ should be used with a broader 
meaning than ordinarily is given to it in forest protection. Admittedly 
the fact has been stressed that prevention is of primary importance in 
securing cheap and effective protection. This, however, has usually 
been interpreted as meaning the taking of certain definite steps toward 
hindering one of the many injurious agencies from developing to a point 
where it could cause serious damage. 

In addition, prevention should be interpreted as implying the devel- 
opment, through long-continued and careful management, of a forest 
that inherently will be safeguarded against the total of injurious 
agencies which might cause serious destruction. Ultimately the for- 
ester himself, through his understanding of this important principle 
and through this long-continued and skillful molding of the forest into 
the character desired, will be more powerful in preventing and con- 
trolling the work of injurious agencies than the numerous protection 
specialists. 


WHAT THE BOOK INCLUDES 

Substantial advances in developing methods of controlling the vari- 
ous enemies of forest crops have been made to fit the wide range of 
forest and economic conditions in America. However, these methods 
of control are even yet largely undeveloped, except protection against 
fires, in which, because of the necessity for immediate action and be- 
cause of the practicability of direct control, much greater progress has 
been made than in other lines. This is one reason why fire is treated 
more fully in the text than are the other injurious agencies. 

Within the limits of a single volume forest protection cannot be 
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covered in full detail. All that will be attempted here is to select the 
more destructive injurious agencies and to present (in the succeeding 
chapters) for each the following information: 

1. Description of the damage caused. 

2. Character of the injurious agency. 

3. Discussion concerning the methods of control. 

Particular attention will be given as to how and to what extent 
methods of silviculture and forest management can be utilized to assist 
control. 

In studying forest protection it will be found that frequently the de- 
tails of control suggested for specific enemies of the forest conflict with 
the treatment recommended for control of other enemies. Quite evi- 
dently some compromise must be made. This is often accomplished 
involuntarily, since not all enemies of the forest are threatening simul- 
taneously on a given forest area. Furthermore, methods of control 
must be influenced by the economic situation, which may sometimes 
prevent putting into practice the theoretically best steps for imme- 
diate protection. The forester must not expect that completely efficient 
protection can be secured all at once. Oftentimes the condition of his 
forest requires certain types of cuttings which he knows are not the 
best in the long run but are necessary to meet the exigencies of a given 
situation. 
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CHAPTER 


Man as a Source of Injury to the Forest 


Before considering in detail each of the six major classes of injurious 
agencies, the part which man plays as regards injury to the forest 
should be emphasized. 

J Man himself is a primary source of injury to the forest. Part of 
this injury is directly caused by him and part follows indirectly as a 
consequence of his activities. He contributes to so much of the damage 
caused in the forest that his influence is felt either directly or indirectly 
under each of the six major classes of injurious agencies. 

A large share of the damage resulting from forest fires is chargeable 
to man since the major proportion of all the forest fires in America are 
caused by his carelessness. In the period 1942-1946 at least 85 per 
cent of all the forest fires in the United States were man-caused fires. 
Most of the fires started by man originated through carelessness al- 
though a significant part of the man-caused fires were started inten- 
tionally. The education of man for the purpose not only of correcting 
his carelessness and preventing his intentional setting of fires but also 
to give him the right viewpoint on forest protection is the most im- 
portant and effectual line of protection activity which can be under- 
taken. 

Man has been directly responsible for establishing dangerous plant 
pests in this country through the introduction of harmful insects and 
fungi from foreign countries, usually on importations of plant ma- 
terials. The gypsy moth * and the chestnut blight are two well-known 
examples of imported pests. The extermination of the chestnut 
throughout its range by the chestnut blight ranks as a major forest 

♦Technical names of insects, fungi, and trees referred to in the text will be 
found in the Appendix. 
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catastrophe. Only increasing vigilance in the enforcement of laws for- 
bidding or strictly regulating importation of material potentially ca- 
pable of harboring plant pests will prevent similar disasters. 

J Domestic animals are often placed by man in the forest and allowed 
to graze there. The injury caused by these animals, which at the worst 
may amount to destruction of the forest, can thus be attributed indi- 
rectly to him. It is within man^s power to withdraw the animals or to 
regulate their grazing use of the forest. 

Most, and possibly all, severe cases of injury to the forest by wild- 
life are caused by man as a result of his protection of wildlife or by 
other types of his interference with its environment. Such action 
usually results in an abnormal increase in numbers of certain forms of 
wildlife without corresponding increases in available food. The forest 
suffers accordingly. 

One thing which man cannot be blamed for is the climate. The 
atmospheric agencies injuring the forest are beyond man^s control. 
Nevertheless the effects which many atmospheric agencies have on the 
forest can be intensified or minimized depending upon the treatment 

J hich the forest receives throughout its life. 

Man is responsible for injuries caused to the forest by poisonous 
fumes from smokestacks and manufacturing plants. Fortunately the 
emission of smoke and poisonous fumes from industrial plants can 
readily be prevented, and, if not voluntarily abated such nuisances 
should be restrained by legislation. 

-J The forest often is injured by the human trespasser who steals forest 
products or commits acts of vandalism. Sometimes the trespassing is 
involuntary, the result of the lack of easily found boundary marks. 
For protection against this class of injury, good surveys and the clear 
marking of boundary lines in the forest are essential. An alert forest 
personnel, by promptly finding evidences of human trespass, will help 
in minimizing damage of this type. As a last resort against the tres- 
passer the police function of the government can be utilized. 

The forest can also be injured by the removal of its litter annually 
or periodically for mulching and fertilizing agricultural crops, for bed- 
ding domestic stock, and for other purposes. Long-continuing removal 
of forest litter for such uses is a common practice in European forests 
and results in a lessening of the growth per acre, sometimes amounting 
to a reduction of more than 30 per cent (Wiedemann 1935). The re- 
sults of an investigation by Jemison (1943) of the effect of litter 
removal on diameter growth of shortleaf pine have verified European 
experience. However, since in this country the forests treated in this 
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way are limited in number, removal of litter remains a minor source of 
injury in America. 

/other minor injuries caused by man are the compacting of the soil, 
destruction of forest litter, and reduction in forest density which are 
inevitable where large numbers of people use the forest at frequent 
intervals. Most of such forms of injury occur in the neighborhood of 
camp grounds and in forest areas which have been set aside as parks. 
Where the most profitable use of the area is for recreational purposes 
the compacting of the soil, together with injury to tree roots and me- 
chanical injuries to the tree trunks, must be expected as normal. The 
damage to forest areas so treated for decades is considerable. Lutz 
(1945) investigated conditions in Connecticut State Parks on picnic 
grounds and on unused forest areas and found significant changes for 
the worse in the physical characteristics of the soil on the picnic areas. 
As a consequence, cultivation of the surface soil and probably the 
application of fertilizers will eventually be needed. 

^ Under certain circumstances destructive logging, as its name implies, 
may ruin the forest. The harvesting of mature timber does not in itself 
constitute destructive logging. Rather it is other details characterizing 
the operation which result in destroying the forest. Chief among these 
is failure to provide for the establishment of another crop of good 
trees after the mature timber is cut. Destructive logging assumes also 
that young and middle-aged timber is destroyed or cut too soon and 
that cuttings injurious to the soil are made. The net result is that the 
future production of forest crops on the area is greatly reduced or en- 
tirely stopped. Man has carried out destructive logging on millions of 
acres of forest land in America, and in some parts of the country is still 
continuing the procedure. The remedy lies in educating the property 
owners to the fact that less destructive methods, which are practicable, 
can be employed. Another alternative is to enact the necessary legis- 
lation which will stop destructive logging. 

J A major source of injury caused by man is that for which the owner 
and the forestry staff are responsible through poor management of the 
forest resource in one or more ways. Frequently the man at the head 
lacks knowledge of the interrelations between the various injurious 
agencies threatening the forest, the management policy, and its appli- 
cation in the woods. Lucky indeed is the forest manager who sooner 
or later does not suffer a catastrophe in his forest which sound planning 
might have avoided. Few if any businesses need more careful planning 
ahead for long periods than the growing of forest crops. 

Over the lifetime of a forest crop atmospheric factors are of primary 
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importance not only in determining the growth of the crop and in the 
direct injury caused the forest but also in the effect which they have in 
making the forest more susceptible to the attacks of insects, fungi, and 
fire. In growing forest crops man too often has failed to develop and 
maintain a forest which would be more resistant to injury by atmos- 
pheric factors and other agencies. Frequently his work has tended to 
increase the possibilities of injury. 

Potential resistance of a forest crop throughout its life to damaging 
agencies depends first upon the form of the stand. Irregularity or lack 
of uniformity is a safeguard against extensive damage. 

Already on page 3 attention has been called to the dangers which 
come from managing the forest in large stands of a single species. Man 
is responsible for the development of some of these big pure evenaged 
stands. He should strive to keep the forest either in unevenaged form 
or in small evenaged units and in some cases to develop mixed stands. 
Often the economic advantages of pure stands are great enough to 
justify their maintenance, particularly where they occur in virgin forest 
form. 

Another mistake which may be made is using a reproduction method 
in an unsuitable situation. The commonest case would be in employing 
the clearcutting method with artificial reproduction on an extremely 
exposed site. However, from the protection standpoint practically any 
reproduction method may be safely used provided the proper precau- 
tions as to form of the stand are observed. 

Failure to make thinnings or other types of cuttings at frequent 
enough intervals to keep the trees in vigorous condition with adequate 
room for each individual often results in heavy losses from drought. 
-^Careless selection of seed and plant material for use in artificial 
regeneration may result in serious injury to the productiveness of the 
forest. One of the best illustrations of this may be seen in the Scotch 
pine plantations which have been made frequently in the northern and 
eastern states since the start of this century. Most of these plantations 
have proved to be of inferior races of this pine and therefore will never 
produce Scotch pine timber of the quality grown particularly in north- 
ern Europe. 

Possibly the planting of this exotic species was a mistake in the first 
place, although there is evidence to indicate that the best races of 
Scotch pine can thrive in parts of this country. 

J Incompetent personnel in any grades of the organization may result 
in damage to the forest. Intensive application of silviculture is im- 
possible without a trained staff. Otherwise the technical operations, 
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such as timber marking, will be poorly applied, and the actual work in 
the woods may be wasteful. 

J There is abundant opportunity for damage to the forest in the process 
of cutting and removing wood products from the forest. The fellers 
may, if careless, seriously injure standing timber and reproduction. 
Control here must be through the employment of good workmen or in 
adequately training those already on the property. Control of the 
direction in which each tree may be felled is often practicable and may 
greatly lessen damage due to felling. It is often necessary to train the 
workmen before unnecessary waste can be eliminated. Losses from 
felling operations can be prevented most effectively through the concen- 
tration of cuttings on areas upon which there is no reproduction (unless 
it be small seedlings) and upon which all other trees will be cut. This 
does not imply that clearcutting must be used, but it does indicate a 
systematic harvesting of the forest in pieces large enough so that the 
trees removed can be felled upon the cutting areas rather than into 
adjoining masses of reproduction or young timber. 

J Other serious injuries are caused during the removal of the forest 
products from the area after cutting. In the work of transporting forest 
products, standing trees may be barked and thereby exposed to subse- 
quent attack by fungi and insects. Serious loss may therefore take 
place before the injured trees are harvested. This is of importance 
when the barking occurs on young timber, which must remain many 
years before becoming merchantable, as contrasted to older timber 
which will be cut within a relatively few years. 

Heavy logging equipment such as tractors may compact the soil and 
appreciably decrease the rate of water infiltration in heavy soil types 
(Munns 1947). 

Damage due to removal of timber, especially damage to roots near 
the surface, can be eliminated or lessened if logging is done on the 
snow. Unfortunately in many parts of the country deep snows cannot 
be depended upon and logging must be done when the ground is bare. 
Less injury is done if the transportation takes place in the dormant 
season. Separation of age classes so that each grows upon a separate 
area, and arrangement of the areas for cutting so that there is no ex- 
traction of timber through the younger age classes, are in the long run 
the best methods of avoiding injury from transport of forest products. 

If timber is sold on the stump and the purchaser does the logging, 
the methods of logging which may be used should be specified. Methods 
of logging vary in their destructiveness to reproduction and young 
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growth; those involving hauling the logs by steel cables operated at 
high speed by donkey engines tend to be the most destructive. 

The purpose of this chapter will have been accomplished if the reader 
at this point recognizes the important influence which man should 
exert in the protection of the forest. He is directly or indirectly re- 
sponsible for a large share of the injury suffered. 
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CHAPTER 


Forest Fires; Their Effects 


Forest fires are in the main injurious to forest production. In certain 
instances, beneficial results may accrue. There exists such a wide dis- 
parity between the relative importance of the injurious and beneficial 
influences that the beneficial ones are often overlooked. In this chapter 
the effects of fires are assumed to be injurious unless otherwise specifi- 
cally stated. The beneficial effects are considered in a special section, 
pages 28 to 32. 

ANNUAL FIRE LOSS 

A study of the statistics compiled and published each year by the 
Division of Cooperative Forest Protection, U. S. Forest Service, shows 
that during the last 5-ycar period (1942-1946) the average number of 
forest fires per year was 169,355 in the whole United States (exclusive 
of Alaska). Of these fires 74,423 burned on protected lands, namely 
lands that are under an organized system of fire protection. The rest 
of the fires, nearly 95,000 each year, occurred on unprotected lands. At 
first sight it would appear that fire control in this country is not very 
effective since on the average only less than 25 per cent fewer fires 
occurred annually on protected lands than on those unprotected from 
fire. These figures become significant only when it is realized that the 
protected area during the 5-year period averaged nearly 498,000,000 
acres while the unprotected area was about 129,000,000 acres. Conse- 
quently 56 per cent of the total number of fires (those which burned 
on unprotected areas) occurred on only 20 per cent of the total forest 
area. 

An annual average of nearly 24,000,000 acres was burned over by 
all reported fires. However, only about 14 per cent of this burned-over 
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area was on protected lands; 86 per cent occurred on unprotected lands. 
Expressed in another way, only an average of 0.7 per cent of the pro- 
tected area burned over annually while more than 15 per cent of the 
unprotected area burned over each year. Surely this indicates that 
forest fire protection can be effective. 

Noteworthy advances toward controlling forest fires and reducing the 
loss from this cause have been made in the last 35 years, or since the 
start of organized forest fire control after 1910. 

The estimates of damage recorded in the U. S. Forest Service statis- 
tics indicate annual damages of approximately $35,000,000, of which 
over $9,000,000 is assigned to the protected lands and the balance to 
unprotected areas. This estimate presumably includes all tangible* 
damage to timber, reproduction, forage, and improvements. It amounts 
to less than $3 per acre of the protected area burned over. On unpro- 
tected areas the damage is estimated at about $1.30 per acre burned 
over. This difference is attributed to the much greater value of the 
forest crops on protected lands. These figures may be taken as con- 
servative. No allowance is made here for many other losses intangible 
and indirect but exceedingly serious, such as deterioration of the site 
and effect on runoff of water and on stream flow. The intangible or 
indirect losses resulting from forest fires are difficult to appraise but in 
the long run may exceed those of a more direct and easily ascertainable 
character. 

About 75 per cent of the acreage of unprotected forest lands in the 
United States are in the southern states. Furthermore they have even 
a larger share of the burned-over acreage and appraised damage as- 
signed to all unprotected lands. The opportunities and need for im- 
provement in organized forest fire protection may be said to be greater 
in this region than elsewhere in the United States. 

The general trend today in the United States is toward lower forest 
fire losses as a result of the constant strengthening of forest fire protec- 
tion, operating both to bring each year more previously unprotected 
lands under protection and also to improve the methods of control on 
lands already under protection. 

For example, comparing the period 1932-1936 with the years 1942- 
1946, we find that there is a large decrease both in total area burned 
over and in damage as indicated in the table. The reductions have 
come principally on the unprotected lands as a result of bringing more 
of such areas under protection. The relatively smaller improvement 
on protected lands represents actually more progress than the figures 
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indicate since the 1932-1936 figures apply to a protected area of about 

454.000. 000 acres while the 1942-1946 data apply to approximately 

498.000. 000 acres. There has been no significant change in total num- 
ber of fires, although the number on unprotected areas has dropped 
while those on protected areas have risen. The reason for the rise in 
number of fires on protected lands may be the increase in the acreage 
protected, combined with improvement in the gathering of fire 
statistics. 

Annual Average During Period 
1932-1936 1942-1946 




Per Cent 


Per Cent 

Total forest area in acres: 

Protected areas 

454,000,000 

68.4 

498,000,000 

79.4 

Unprotected areas 

210,000,000 

31.6 

129,000,000 

20.6 

Total areas 

664,000,000 

100.0 

627,000,000 

100.0 

Area burned over in acres: 

Protected areas 

3,660,842 

9.2 

3,430,364 

14.3 

Unprotected areas 

36,698,730 

90.8 

20,391,422 

85.7 

Total areas 

40,359,572 

100.0 

23,821,786 

100.0 

Damage: 

Protected areas 

S10,323,194 

20.9 

$ 9,245,998 

26.1 

Unprotected areas 

39,029,846 

79.1 

26,061,832 

73.9 

Total areas 

49,353,040 

100.0 

35,307,830 

100.0 

Number of fires: 

Protected areas 

66,101 

39.4 

74,423 

44.1 

Unprotected areas 

101,811 

60.6 

94,932 

55.9 

Total areas 

167,912 

100.0 

169,355 

100.0 


In the long run, forest fire losses (provided the efiiciency of preven- 
tion and control is held constant and given the same accuracy of statis- 
tical report) may show a tendency to increase because of the increasing 
total value of forest property and the increasing use of the forests. On 
the other hand, improved fire prevention and control will work in the 
opposite direction not only to reduce the total amount of the loss but 
also to decrease even more strikingly the loss expressed as a percentage 
of the total forest values. The net result should be a gradual reduction 
in the average annual fire loss. 

As compared with the estimates of damage caused by insects, the 
average annual fire losses appear to be smaller. Study of the, situation 
over the country as a whole tends to confirm this impression. Esti- 
mates of the annual loss from plant diseases are so difficult to make 
that a definite comparison between fire and plant diseases is practically 
impossible. It is estimated for the decade 1934-1943 that, together 
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with insects, diseases were responsible for an average annual drain on 
the forests of this country of 622,000,000 cubic feet compared te an 
average annual drain of 460,000,000 cubic feet from fire during the 
same period (Anonymous 1947). It is believed that insects should 
be ranked first, on the basis of present damage, and fire second, with 
plant diseases third — with the reservation that where an epidemic plant 
disease like the chestnut blight becomes serious the loss will exceed that 
caused by either fire or insects. 

However, it must be remembered that indirectly fires are a contrib- 
uting cause in much of the damage charged against insects and fungi. 
The wounds and weakened condition of trees resulting from fires fre- 
quently enable plant and insect pests to gain foothold and increase the 
injuries started by fire. Furthermore, the reason why fire today ap- 
pears as secondary to insects in causing damage is that already sub- 
stantial progress has been made in preventing the start of forest fires 
and in controlling those that do start. If no more organized effort was 
spent on the prevention and control of forest fires than is directed today 
to fighting forest insects and fungi, the damage from fires would be 
stupendous and would exceed that from any other source. Fire is a 
sudden and spectacular destroyer on a vast scale, but it admits of more 
effective control than some other enemies of the forest. 

CLASSIFICATION OF THE INJURIES CAUSED BY 
FOREST FIRES 

The injuries caused by forest fires may be classified under the fol- 
lowing heads, of which the first four have a direct relation to the results 
of applied silviculture attained in any forest. 

1. Injury to trees containing merchantable material. 

2. Injury to young growth including reproduction. 

3. Injury to the soil. 

4. Injury to the productive power of the forest. 

5. Injury to recreational and scenic values. 

6. Injury to wildlife. 

7. Injury to forage. 

8. Injury consequent upon lessened effectiveness of the forest as 
a protective agency. 

9. Injury to other property. 

10. Injury to human life. 
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Injury to Trees Containing Merchantable Material 

The damage may range from slight fire scars at the base to complete 
consumption of the tree. The latter occurs rarely even in exceptionally 
severe fires. Frequently large trees are killed outright. Death is caused 
by the killing of the cambium or living layer between the bark and the 
wood. Baker (1929) states that a temperature of approximately 54° C. 
(129.2° F.) is sufficient to kill the cambium, but the more precise studies 
of Lorenz (1939) would indicate that the lethal temperature lies be- 
tween 65° and 69° C. (149.0° and 156.2° F.). If the cambium is killed 
all the way round, the tree is girdled and dies. Dead cambium can 
usually be told by its dark color in contrast to its light shade when in 
normal condition. It is not necessary that the bark be burned off or 
even noticeably charred in thin-barked species to cause death of the 
tree; heat which scorches the outer bark is often sufficient to kill the 
cambium. 

During the early part of the growing season, when cell division in the 
cambium layer is at its height, the cambium region is more sensitive to 
heat than later on in the summer or during the dormant period. Fires 
occurring early in the growing season are likely to kill a large per- 
centage of the trees in a stand. In the northern part of this country, 
fires may be listed in decreasing degree of severity as: early spring, late 
spring, summer, and fall. Where winter fires are possible these are less 
damaging than those in other seasons. 

Power of resistance to fire differs for each species of tree. These 
differences between species are due primarily to the character and 
thickness of bark. Layers of cork, which act as nonconductors of heat, 
are developed to a greater or less extent in the bark. A tree that de- 
velops thick corky bark is better protected than one with a thinner and 
less corky covering. Tree bark may be soft, flaky, and easily inflam- 
mable and likely to burn through to the wood underneath, or it may 
be hard, ignited with difficulty, and rarely burned through. It may also 
be deeply Assured even at an early age. In other species such breaks 
in the protective covering of bark do not occur at all or develop only 
late in life. The anatomical structure of bark not only differs between 
species but also varies with the same species with age and therefore can 
affect the resistance to heat. For example, the formation of secondary 
phellogen and development of layers of dead outer bark make some 
species more heat resistant than those not developing such tissues. 

Moisture content, thermal conductivity, and sensitivity as a conse- 
quence of anatomical structure may also differ with species. Stickel 
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(1941) in experiments with balsam fir, beech, and hemlock found that 
balsam fir bark offered better protection from heat than beech bark of 
the same thickness. A 7-inch balsam withstood high temperatures 
longer than a 12-inch beech. Hemlock has a much thicker layer of 
dead outer bark than balsam and as a result can withstand heat better 
than balsam. A 9-inch hemlock is about twice as resistant to fire as a 
15-inch balsam. 

Old trees of any given species are better protected against fire than 
the young trees because with age the bark thickens and tends to become 
more corky. For example, in experiments with Douglas-fir (Hofmann 
1924) the cambium in 15-year-old trees with bark % inch thick was 
killed in 11 minutes by heat of 900° F. applied on the outside of the 
stem whereas cambium in old trees, protected by bark 4 inches thick, 
showed no injury from the same heat when applied for a period of 4 
hours. Species that secrete resin in the outer bark are very inflam- 
mable. Trees that exude pitch as a result of insect attacks are easily 
injured. Where the pitch is plentiful a fire may run up the tree, killing 
the cambium on one side for many feet above the ground and leaving 
a long scar. 

On trees where the fire has not burned right through the bark it is 
difficult (without taking off the bark) to tell to what extent the cam- 
bium has been killed. This is a practical problem of great importance 
in determining whether or not to cut the injured trees after the fire. 
At least one growing season may be needed to determine whether ex- 
ternally injured trees have been girdled by the fire (Stickel 1935). 
Several studies have been made with the purpose of correlating the 
visible outward evidence of the fire with the killing of the cambium. 
In one investigation (Nelson, Sims, and Abell 1933) the area on the 
tree trunk discolored by fire was mapped and then stripped of bark, 
and the area of internal injury was noted. For the average tree satis- 
factory correlation was found between the areas of external bark dis- 
coloration and of internal cambium wounding. Heat resistance was 
found to vary decidedly between species, yellowpoplar of the five 
species studied being the most resistant. Such studies are needed for 
all important species. 

A second phase of such studies is to keep trees under observation for 
a period of at least 10 years and then ascertain the character and extent 
of injuries that have developed as a consequence of the original fire 
scars. 

In general, conifers suffer more severely from fire than broadleaf 
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species, although some conifers are exceedingly fire resistant and some 
broadleaved trees are sensitive to fire. 

When heat from a fire reaches the roots of trees, severe injury or 
death results because tree roots are less thoroughly protected by thick 
bark than the portions above ground and hence are more sensitive to 
heat. Trees with shallow root systems suffer more than the deep-rooted 
species. 

Old trees can be found hollowed out at the base by fires. In some 
trees holes big enough to admit one or more men have been burned out. 
Such hollows are rarely if ever the work of one fire but represent the 
effects of several fires. Once the bark has been burned away on one 
side, succeeding fires burn more readily in the exposed wood. Even- 
tually the tree is burned down or becomes so weakened as to be blown 
down easily. Since the first log of the tree contains timber of better 
quality than the upper logs, the injury from hollowed-out butts destroys 
the best part of the tree. 

Killing of portions of the cambium whether in the crown of the tree 
or near the ground must interfere with the life processes of the tree and 
unfavorably affect its health. MacKinney (1934) found that repeated 
partial defoliation by fire slows down the growth of longleaf pine. 
Although the diameter growth of individual surviving basal-wounded 
southern Appalachian hardwoods is apparently but little affected, the 
net growth of stands is reduced materially (Jemison 1944). In this 
weakened condition the tree is more susceptible to the attacks of in- 
sects. Sometimes the insects seem to prefer to enter the tree through 
the bark covering recent fire wounds (Stickel 1934). Though the fire- 
injured trees attract bark beetles they may not offer good breeding 
places because of changed conditions affecting the tree’s moisture con- 
tent. A decided increase of the bark-beetle population on a burned- 
over area can occur as a result of fire (Furniss 1941). The outcome 
is increased damage for a few seasons by insect^ on the burned-over 
area but not outside the burn. The conclusions reached by Miller and 
Patterson (1927) for ponderosa pine in California and Oregon were 
that fires had little permanent effect in increasing losses by bark beetles. 

Many fungi find entrance to living trees through wounds. For this 
purpose fire scars are frequently utilized (Hepting 1935; Boyce 1938, 
pp. 386-388, 403). Given time enough, the fire-scarred tree is de- 
stroyed either through the attacks of insects or fungi or by being 
burned down by repeated fires. 

If trees containing merchantable material are killed outright, they 
should be cut and utilized before the timber decays or is attacked by 
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insects infesting dead trees. This is not always possible if the trees 
are few in number, scattered, or located in inaccessible places. Fre- 
quently fire-killed timber can be salvaged for a large percentage of its 
value before the fire. Burned timber may be valueless a year after 
the fire, or it may remain sound for several years. Climatic conditions, 
the species, and the question of whether the bark falls from the trunk 
soon after the fire are the main factors influencing the length of time 
during which fire-killed timber remains sound. In a dry climate with 
a species relatively free from insects and fungi, and under circum- 
stances causing the tree to shed its bark, deterioration is delayed. 

It may be advisable to cut merchantable trees injured but not killed 
outright by fire. Whether it is safe to leave an injured tree and for 
how long a time cannot be determined without a knowledge of the 
species, particularly its insect and fungus enemies. The final loss 
(chargeable to fire) of merchantable material in fire-scarred trees 
through burning down, decay, and insects frequently exceeds the value 
of the timber consumed or directly killed by the fire. 

Injury to Young Growth Including Reproduction 

Trees under merchantable size, and reproduction, with thinner bark 
and crowns near the ground, are more easily killed and consumed by 
fire than trees of merchantable size. Even a light fire will kill small 
seedlings. Where light fires are repeated at intervals of a few years 
reproduction may be permanently kept out. 

Fire acts in the same way on small trees as on large ones but inflicts 
relatively greater injuries on the small ones. 

Even where small trees are only partly girdled by a fire their poten- 
tial value is greatly reduced. Many years must elapse before the trees 
are merchantable. During this time insects and fungi have abundant 
opportunity to enter through the fire scars or elsewhere as a conse- 
quence of the weakened condition of the trees and frequently render 
them worthless by the time merchantable dimensions are attained. 
Sometimes damage of this character develops so rapidly as to render 
the trees practically worthless within a year or two after the fire 
(Stickel 1934; Stickel and Marco 1936). 

Injury to the Soil 

Forest fires in their action on the soil affect its physical properties 
more critically than its chemical properties. From the standpoint of 
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tree growth the physical properties, particularly penetrability and 
porosity of the soil, are recognized to be of more importance than the 
chemical characteristics. Physical properties of soils are influenced 
by fires through decrease in the humus content. Well-decomposed 
humus is in fact the key to good physical condition of the soil influenc- 
ing the water relations in the upper soil layers. 

Organic matter (humus) incorporated with the soil is not consumed 
by the heat of the fire. Heyward (1938) has shown that the heat 
generated by hot forest fires in the longleaf pine region is not great 
enough to destroy organic matter even so close to the soil surface as 

inch. 

A severe fire which kills most of the trees opens the forest canopy, 
burns off the litter, and exposes the soil to the drying influences of sun 
and wind. The humus in the soil decomposes, and without litter or 
trees to furnish litter no more humus is formed. The soil on bare 
burned areas consequently deteriorates in physical condition. Heavy 
soils become dry, hard, and impervious to water, and often they crack 
open. Sandy soils become hotter, more porous, and leachy. The col- 
loidal properties of the soil may be slightly injured. The mineral salts 
left in the wood-ashes are apt to be blown or washed off the surface 
or leached away through the soil. 

On the other hand, fire may be more favorable than unfavorable in 
its effect on chemical properties of the soil. The effect of fire on 
chemical properties is likely to be of minor significance as compared 
to changes in physical properties. 

A fire of the lightest type which consumes the litter but does not di- 
rectly injure the standing trees causes little or no injury to the soil. 
The loss of the accumulated litter does not prove serious provided a 
forest canopy exists to provide more litter without delay. In fact, the 
single fire may occasionally prove beneficial, as indicated on page 28. 

The benefit from a single fire is not augmented by repeated ones, 
however, since the entire humus content is exhausted by such succes- 
sive fires. On areas rendered barren by a single fire any beneficial 
effects are purely temporary. Light fires burning over the same ground 
every year consume the annual leaf-fall and thus keep the ground bare 
of litter. Under these circumstances, when the humus in the soil is 
once exhausted the soil deteriorates. Hence, repeated light fires seri- 
ously injure the soil. 

The forest litter contains nutritive materials, principally nitrogen, 
calcium, phosphorus, and potash. The last three remain in the wood- 
ashes, but the nitrogen is volatilized and lost to the soil when the forest 
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litter is consumed by fire. As a consequence, if the forest is destroyed 
by one fire so that no new litter forms or if fires recur so frequently as 
to burn up the annual fall of litter, the nitrogen content of the soil be- 
comes impoverished. Long-continued annual removal of the forest 
litter which falls to the ground each year is likely to result in decreased 
wood production per acre. This decrease may amount to 20 or 30 
per cent of the normal growth. 

In some places forests are growing with boulders or solid ledges of 
rock only a few inches below the surface. Here the soil consists largely 
of organic material and may be completely consumed by a severe fire. 
The bare rock may be left exposed, the soil having been entirely de- 
stroyed. 

A soil lacking humus and bare of litter is subject to erosion. This 
process carries away the upper soil layer, the most fertile portion of the 
soil. In extreme cases the entire surface layers of soil may be eroded, 
leaving exposed the subsoil or even the underlying rock. Fires often 
create conditions favorable for the start and continuance of erosion. 

Measurements taken by Hendricks and Johnson (1944) illustrate 
the losses from soil erosion as a result of fire. The fire in question 
burning on a steep slope in Arizona destroyed the forest litter, con- 
sumed the trees except for blackened trunks, and left the bare mineral 
soil exposed. Immediately after the fire that occurred in early July, 
measurements were initiated, and records were kept during the sum- 
mer. The soil losses during this period, principally in the form of sheet 
erosion, were equivalent to 32 tons per acre on 43 per cent slopes and 
increased to 165 tons per acre on 78 per cent slopes. 

Injury to the Productive Power of the Forest 

Fire injury to the productive power of the forest may be classified 
as follows: 

1. Injury due to replacement of good by poor species. 

The composition of a forest type is frequently changed for the worse 
as a result of fire. Reproduction of a species inferior to those pre- 
viously occupying the ground may start. Many of the valuable tree 
species are more sensitive to fire than their associates of less value. 
It may happen that the fire kills the sensitive species in the existing 
stand and leaves the resistant, inferior species in possession of the area. 
It frequently happens that brush and woody shrubs win possession 
of the area from tree species as a result of fires. In this way millions 
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of acres of brush fields have been established on lands formerly for- 
ested and capable of producing good timber crops. The extensive 
encroachment of chaparral in the redwood region of California after 
cutting and repeated burning is an example (Shantz 1947, p. 123). 

As a result of fire one forest type may be replaced by some other 
forest type. For example the birch-aspen types so prevalent in the 
Northern Forest are temporary fire types created by burns which de- 
stroyed more productive stands of spruce, balsam, and northern hard- 
woods. The light-seeded aspens and birch restocked the burned-over 
areas, and if other disturbances do not intervene will ultimately be 
replaced by more shade-enduring conifers and hardwoods. Such radi- 
cal changes in forest type as a result of fire are not always changes 
from higher to less productive forest types. The establishment of a 
pure eastern white pine stand on a burn succeeding a mixed stand 
of northern hardwoods is a change to a more valuable forest type. 

2. Injury due to reduction in the density of stocking. 

Sometimes no natural reproduction follows the fire and the burn 

becomes barren. Most fires, even though they may not destroy the 
whole stand, at least break the canopy and have the general effect of 
making the stand more open by reducing the number of trees below 
the density required for highest quantity and quality production. 

3. Injury due to forced cutting or loss of the forest crop before 
financial maturity. 

When a forest crop is killed before the end of the rotation, even 
though it is cut and salvaged, it may happen that the mean annual 
growth of the stand in quantity or quality is found to be less than it 
would have been if the crop had grown to maturity. The productive 
power of the forest has been decreased in this way. 


Injury to Recreational and Scenic Values 

The forest as a field for recreation affords exceptional opportunities 
which are being increasingly developed today. Burned areas are rela- 
tively unattractive for recreational use, particularly recent burns. 
Where recreation is established as an important use of a forest area 
the injury from fire is not alone to the trees, soil, and productive power 
as a timber-producing unit, but also to the forest as a recreational asset. 
Community income from the tourist trade may be unfavorably affected 
as a consequence of injury to the scenery and recreational facilities 
caused by forest fires (Stanley 1932). 
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Injury to Wildlife 

Fires, either directly or indirectly, cause the destruction of many 
birds, other animals, and fish. Many animals are actually burned to 
death. How destructive to wildlife a single fire can be has been vividly 
described by Kipp (1931). An indirect effect of fires upon wildlife is 
the destruction of food and cover upon which animals are dependent. 
Fires, particularly early spring fires, may have a serious effect upon 
game reproduction. Habitat conditions for wildlife are changed, often 
radically, by forest fires. This is likely to have an effect on the suc- 
ceeding forest, perhaps injurious or possibly beneficial, through change 
in the biological complex. Thus even though wildlife may escape im- 
mediate destruction by fire its development is influenced. Although 
fire is usually detrimental to the interests of wildlife it is not invariably 
so, since fire by opening up a dense stand encourages the growth of 
grass and other herbaceous vegetation, thereby increasing the supply 
of food. 


Injury to Forage 

Fires bum readily in dry grass and other plants of forage value. 
When sufficiently intense, fires tend to kill the roots of such plants, 
thereby reducing the density of stocking and replacing desirable spe- 
cies by those of inferior value for forage. Serious fire damage to forage 
can be prevented by grazing so regulated that masses of dry and in- 
flammable forage do not accumulate. In some forest types, inflam- 
mable forage is the principal fuel involved in the rapid spread of fires. 
If the green forage is used by stock, the resource is utilized and the 
fire danger is reduced also. The beneficial influence of grazing upon 
fire control is more fully discussed in Chapter 17. 

Sometimes a light surface fire is of some value in consuming a mat 
of dry dead vegetation and in enabling stock to get at the tender green 
shoots beneath. Occasionally fires are the cause of opening up the 
forest and bringing in crops of forage plants that under continuous fire 
exclusion would disappear as tree reproduction becomes reestablished. 
Consequently, as pointed out under beneficial effects of fire, the live- 
stock interests often favor burning in woodland pasture areas, since 
thereby the area in trees may ultimately be reduced while the area in 
lesser vegetation which furnishes forage will be increased. 
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Injury Consequent upon Lessened Effectiveness of the Forest as 

a Protective Agency 

A well-stocked, properly tended forest may in certain circumstances 
be a protective agency of tremendous importance. When injured by 
fire the forest loses its protective capacity to a greater or lesser extent. 
One of the chief essentials from the protection standpoint is that the 
forest floor should be well covered with litter or ground cover. These 
even the lightest forest fire may destroy. 

The forest furnishes protection against the start and progress of 
landslides, avalanches, shifting sands, and erosion. Surface runoff of 
water is delayed and decreased and stream flow stabilized. 

As previously stated, erosion may be a consequence of forest fires. 
Damage from erosion is felt not only on the lands eroded but also in 
the lower course of the stream down which the eroded material is 
transported. River channels and reservoirs are filled with detritus, 
and deposits of rock and soil are left on lands near the stream. Where 
the soil deposited is of fine texture and fertile, the lands covered may 
be benefited. The harmful effects of erosion far outweigh any such 
advantage. See page 294. 

A bare forest prevents the forest from performing its function as a 
regulator of stream flow. Lacking the sponge-like cover of litter and 
humus, a bare soil permits rapid runoff of water instead of absorbing 
it and feeding it out slowly from springs. Floods with their attendant 
damage are thus heightened and low- and high-water stages made 
more pronounced. 

This fluctuation in water level together with the eroded material in 
the channel interferes with navigation, often necessitating expensive 
dredging operations. Power plants and factories relying on water 
power require a continuous and uniform supply of water rather than 
one that fluctuates widely in volume. 

Injury to Other Property 

Buildings, livestock, and property of all kinds are at times threat- 
ened by forest fires, and serious losses result. The principal loss is to 
property found within the forest or in small clearings surrounded by 
woods. Whole towns have been wiped out by forest fires (Currie 1929; 
Guthrie 1936) . 
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Injury to Human Life 

Rarely, if ever, in the United States does a year pass without loss 
of human life as a direct consequence of forest fires. The greatest loss 
of life on record in any one fire took place in the Peshtigo fire of 
October 1871 in Wisconsin, in which 1500 persons perished (Plummer 
1912). 

BENEFICIAL EFFECTS OF FIRE 

The beneficial effects of fire are summarized in the following para- 
graphs. In general, a requisite for the use of fire to be really beneficial 
is exact knowledge of just what conditions are wanted for the accom- 
plishment of some specific purpose and just how the right kind of a 
fire to create these conditions can be obtained. 

1. Fire may be of assistance in establishing natural reproduction 
of the desired species in a variety of ways. This may be accomplished 
through the burning of a thick forest litter thereby reducing the depth 
of the litter, exposing the mineral soil, and thus creating the requisite 
seedbed condition for some species. Not all species prefer a bare seed- 
bed. Or advance growth of some undesired species may be destroyed 
so that the desired species can start to grow and gain possession of 
the area. In establishing longleaf pine reproduction on areas where 
other species are present a light fire will usually kill these undesired 
species without injuring the longleaf pine seedlings. For a most ex- 
cellent historical summary of the development of controlled burning 
in the management of longleaf pine, the reader is referred to Chapman 
(1947). The results of 32 years of annual controlled burning in long- 
leaf pine described by Bruce (1947) show that fire permits the devel- 
opment of a fully stocked longleaf pine stand by eliminating the less 
fire-resistant loblolly and shortleaf pines and hardwood species where 
these invade the better longleaf pine sites. 

The destruction or temporary driving out of seed-eating rodents may 
prove helpful to reproduction. Unfortunately rodents seem to repopu- 
late a burned-over area within a short time so that little reliance 
should be placed on a fire for assisting natural reproduction in this 
way. 

Burning of logging slash may enable reproduction to become estab- 
lished on portions of the area so thickly covered with slash as to re- 
main unstocked unless treated. 

2. If used just before the planting operation, fire, by consuming the 
litter and ground cover and by destroying the underbrush, may make 
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planting easier and cheaper and may increase the percentage of stock 
that survives the planting. Grassy and brushy areas, when the hinder- 
ing vegetation is removed, can be more quickly planted. There is less 
danger that undecomposed organic material will be placed in contact 
with the roots of the planted stock. The competition of herbaceous 
and woody vegetation with the planted trees may be reduced, at least 
for the first season. 

3. Fire by burning up deposits of raw humus may improve the 
physical condition of the soil through better aeration and increase in 
warmth, and may thus stimulate the growth of the stand. Where de- 
posits of raw humus do not occur, the effect of fire upon the physical 
properties of the soil will be more harmful than beneficial. 

Fires tend to increase bacterial activity in the soil, thereby tem- 
porarily stimulating the production of nitrates. 

Sometimes beneficial changes in the chemical composition of the 
soil are claimed as a result of fires. For example, Heyward and Bar- 
nette (1934) working with longleaf pine in Florida found a relatively 
large increase in replaceable calcium and small increases in organic 
matter and nitrogen associated with repeated fires, while acidity of 
the soil was consistently less. The increase in calcium and lowering 
of acidity were attributed to the addition of ash following the fire. 
Probably other constituents of ash such as potassium, magnesium, and 
phosphorus are also increased slightly. Heyward and Barnette state 
that the small increases in organic matter and nitrogen are obtained 
through the decay of the grass vegetation characterizing burned areas 
and are to be expected not sooner than 8 to 10 years after a fire. 

Possibly the increase of leguminous plants, which often follows a 
fire, may add to the nitrogen content of the soil through the ability of 
such plants to obtain nitrogen from the air. 

Effects of fire on soil are too complicated and have been studied to 
such a small extent that improvement in soil conditions in excess of 
injuries to soil as a result of fire is still debatable and open to question 
in each individual case. 

4. Fire when properly controlled may under certain circumstances 
prove beneficial to some forms of wildlife. In raising quail and wild 
turkey in the southeastern states Stoddard (1935) advises the use of 

, controlled fire for the improvement and maintenance of the game 
range. 

5. Forage for domestic animals may be improved by fire. Prescribed 
burning during the winter season in longleaf pine stands provides more 
and better forage for cattle than can be obtained on unburned areas 
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(Lemon 1946). Winter fires, by removing the accumulation of old 
wiregrass and pine needles, make the fresh forage ready for use a 
month earlier in the spring and enable the cattle to crop the new 
growth more easily. Quantity as well as quality of forage is increased. 
Additional benefits of such prescribed burning are that the seedbed for 
pine reproduction is improved, the brown spot disease is held in check, 
the likelihood of damaging fires is lessened, and the forest is kept more 
open. The question arises in this connection whether a fully stocked 
stand of timber is wanted and can be maintained on the same areas 
where an abundant forage crop is produced. 

6. Fire may assist in controlling plant diseases. For example long- 
leaf pine seedlings show higher survival and grow faster if areas on 
which they are growing are lightly burned over every 3 years. The 
reason is that these fires reduce the activity of the brown spot disease 
which severely attacks the foliage of longleaf pine (Siggers 1934; 
Wakeley and Muntz 1947). 

Another illustration of the value of fire in plant disease control may 
be found in the western white pine type. Here the broadcast burning 
of the area twice in a 3- to 5-year period in overmature stands, and 
in some mature stands where the western white pine either is of low 
vigor or where the mixed species are largely defective, has the effect 
of reducing the Ribes population and effectively protecting the young 
planted stands of pine (Wellner 1946). 

7. The intentional, controlled use of fire to prevent the occurrence 
of a more destructive fire may be beneficial. As usually executed, 
such use of fire consists in the burning of slash and/or the burning 
over of all or a part of the area to be protected. Where only part of 
the area is burned, the burned-over portion ordinarily will be so 
arranged as to form a system of firebreaks intended to secure maximum 
reduction of the subsequent fire danger. 

Objection may be made to burning over an area simply for the pur- 
pose of preventing a worse fire on the grounds that complete exclusion 
of fire from the area should be attempted and attained (Brown 1947, 
p. 4). However, there are some forest areas in this country where 
favorable public sentiment is not sufficiently strong to attain imme- 
diately complete exclusion of fire. Here temporarily the use of light, 
controlled fires may be justified even though the fire may have no 
other beneficial function. Gorrie (1935) describes such a situation 
for chir pine forests in India and emphasizes the fact that controlled 
fires are essential there to prevent the occasional severe fire which 
otherwise is sure to occur. 
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Prescribed burning has been developed and used on the Osceola 
National Forest in Florida (Bickford and Newcomb 1947) for several 
years to reduce the fire hazard in the longleaf-slash pine type. The 
authors consider it safe to begin prescribed burning when slash pine 
is about 6 feet in height and longleaf seedlings are over 1 year in age. 
Costs of the first 2 years of operation were 6.6 and 7.9 cents per acre. 
Damage the first year was estimated at 31.4 cents per acre treated and 
the second year at 8.7 cents per acre. It is estimated that in the 
future damage can be held to 8 cents per acre. 

Frequently properly controlled fire on a given area may prove bene- 
ficial in several ways. For example, controlled burning in loblolly 
pine in the pine-hardwood region of the Southeast (1) prepares a good 
seedbed for loblolly pine reproduction; (2) as the pine seedlings ad- 
vance into the sapling stage it keeps down the hardwood associates 
which threaten to suppress the pine; and (3) it reduces fuel accumu- 
lations sufficiently to lessen the danger of severe spring fires (Chapman 
1942, pp. 27-31). Similar beneficial effect of controlled burning in the 
oak-pine stands of south Jersey are emphasized by Little and Moore 
(1945). In his extensive monograph on longleaf pine, Wahlenberg 
(1946, p. 164) states that ^^skillful use of burning for all recognized 
purposes should reduce the total cost of forest management in the 
longleaf pine region.^^ 

8. Fire may be used to burn down standing snags where this method 
is cheaper than other ways of accomplishing the result. It is also a 
standard practice employed for killing bark beetles in badly infested 
standing trees (Doane et al, 1936, p. 48). 

The purposes and methods of prescribed burning as practiced since 
1943 on some 300,000 acres of national forest lands in Florida have 
been summarized in detail by Squires (1947), who while stressing its 
value as a fire-control measure indicates its usefulness in controlling 
disease, in protecting wildlife, in improving grazing conditions, in re- 
ducing undesirable tree species, and in preparing the site for planting 
or natural seeding. 

The use of fire for thinning stagnating stands of ponderosa pine re- 
production has been advised by Weaver (1947). He describes a dense, 
stagnating, 40-year-old stand of reproduction averaging 12.3 feet in 
height and 1.7 inches in diameter and a portion of the same stand 
thinned when about 10 years old by an accidental fire. Here trees aver- 
aged 32 feet in height and over 7 inches in diameter breast high. He 
has successfully used controlled fires for thinning, eliminating chiefly 
the lower-class trees. 
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The intentional use of fire for any of the purposes listed above differs 
radically from the uncontrolled progress of a forest fire. Only when 
fire is carefully controlled and used with the greatest circumspection 
to accomplish some definite beneficial purpose, which overbalances 
the evil effects, is its use in the forest justified. 

To emphasize the distinction between the uses of fire for some bene- 
ficial purpose and the ordinary forest fire the former are referred to 
as controlled or prescribed burning. These terms are defined in For- 
estry Terminology (1944) as follows: 

Controlled burning. Any deliberate use of fire on land whereby 
burning is restricted to a predetermined area and intensity. 

Prescribed burning. The application of fire to land under such con- 
ditions of weather, soil moisture, time of day, and other factors as 
presumably will result in the intensity of heat and spread required 
to accomplish specific silvicultural, wildlife, grazing, or fire-hazard- 
reduction purposes. 

The definitions emphasize the controlled nature of the fire and the 
existence of definite prescriptions for its use and application. 

At the present time fire is not used in an intelligently planned way 
to the extent warranted by the benefits to be secured. Its intentional 
use in silvicultural operations is likely to increase after control of care- 
lessly set fires has become more effective. In using fire as a silvicul- 
tural tool or for other beneficial purposes great care must be taken 
not to give grounds for encouraging nonbeneficial fires. 
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CHAPTER 


Character of Forest Fires 


CLASSIFICATION OF FIRES 

Forest fires may be divided into three classes defined as: 

Ground fire which not only consumes all the organic materials of 
the forest floor, but also burns into the underlying soil itself. Ground 
fires may be further subdivided into duff fires and peat fires. 

Surface fire which runs over the forest floor and burns only the 
surface litter, the loose debris, and the smaller vegetation. 

Crown fire which burns through the tops of living trees, brush, or 
chaparral. 

The basis for this classification of forest fires will be found in the 
different type of damage and in the different mode of spread and de- 
velopment characteristic of each kind of fire. Often all three kinds of 
fires burn over a given area before the fire is extinguished. 

Forest fires are also classified on the basis of area burned over: 
Class A fires where the area burned over is % acre or less; Class B 
fires, ranging from more than ^ to less than 10 acres in size; Class C 
fires, which cover 10 acres or more, but less than 100 acres; Class D, 
a fire of 100 acres or more but less than 300 acres; and Class E a fire 
of 300 acres or more. 


Ground Fires 

Ground fires burn in the duff, humus, and peaty layers lying be- 
neath the litter or undecomposed portion of the forest floor. These 
layers of organic material are either closely compacted or of a fine 
texture and are shut off from the wind and from the oxygen supply in 
the air. Consequently a ground fire burns very slowly but persistently 
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with intense heat and rather uniform destructiveness. Such a fire 
may burn over several acres in a day or may cover only a fraction 
of an acre. There may or may not be much smoke, but there is prac- 
tically no flame. 

Duff fires are those ground fires which occur on upland areas where 
thick deposits of litter, duff, and humus have accumulated. Peat fires 
include the ground fires which take place on ill-drained areas, such as 
swamps and bogs, where layers of duff and peat several feet in thick- 
ness may have been built up. On account of the depth of the organic 
material ground fires sometimes appear to burn underground in the 
soil itself (Ludwig 1923). Actually only the vegetable matter is con- 
sumed and the fire is burning above the mineral soil layer or in pockets 
formed by decaying roots. In some places, particularly on rocky 
slopes and in swampy areas, the partly decomposed organic matter 
forms a large part of the top soil zone in which tree roots can develop. 
Here the ground fire practically destroys the soil and creates a barren 
area which may require centuries to restock. 

The tree roots in ill-drained soils may be located in the layers of 
duff, humus or peat; and even on well-drained soils an important por- 
tion of the feeding roots will be found in or close to the deposits of 
organic material. The roots are thus easily killed by the ground fire. 
Ordinarily all trees on the burned-over area are killed by a peat fire 
through overheating of the roots. Whether this happens as a result 
of a duff fire depends on the thickness of the organic layers consumed 
and the depth and character of the mineral soil beneath, encouraging 
deep or shallow development of the root system. 

When the surface is wet (by a light shower or otherwise) but the 
duff beneath is dry, a ground fire may burn the lower layer of organic 
material, leaving the surface intact supported by a network of plant 
roots. The exact location of a fire burning underground, in this way, 
is diflScult to determine. Peat fires may burn for months in swamps 
temporarily dry. Both peat and duff fires are said to have lasted 
through an entire winter under a blanket of snow. 

Deep deposits of organic material are formed only under conditions 
which retard normal decomposition. In swamps and lowlands, with 
excess of water, the organic matter does not readily decay. At high 
altitudes and in northern latitudes, on account of the cold damp cli- 
mate, even upland sites may develop thick beds of duff. This is par- 
ticularly true of conifer stands. 

Ground fires are less numerous than surface fires because the ma- 
terial on which they feed dries out less frequently than the top litter. 
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Furthermore, the sites on which ground fires may occur form a rela- 
tively small percentage of the total forest area. 

Surface Fires 

Surface fires are those which burn on or near the ground in the litter, 
ground cover, underbrush, and reproduction. They are the common- 
est kind of fire and occur in all parts of the country. 

If only the top of a thick accumulation of duff is dry enough to 
burn, the fire is classed as a surface fire, whereas, if the entire accumu- 
lation of duff were burned, the fire might be classed as a ground fire. 
Typical surface fires injure the lower part of the trunks of trees beyond 
the reproduction stage and, if they kill trees, do so by applying heat 
to this portion of the stem. Much of the fuel upon which surface fires 
feed is of a light, loose nature and likely to be very inflammable. The 
fire is so located as to be strongly affected by surface winds and there 
is an abundant supply of oxygen for purposes of combustion. Hence 
surface fires are characterized by relatively rapid spread, abundance 
of flame and heat, but soon die out. 

Practically all fires start as surface fires. Given the requisite con- 
ditions a ground fire or a crown fire may develop from a surface fire. 
Dry moss hanging from the trunk or branches, inflammable pitch on 
the bark, the burning tops of a mass of reproduction, or even the 
flames from a hot grass fire may serve to carry the fire upward and 
ignite the crowns. 

Crown Fires 

Crown fires bum in the crowns of the trees. The foliage at least is 
consumed and the tree usually is killed through overheating of the 
cambium. Crown fires are restricted to species which have inflam- 
mable foliage. Hence, conifer forests are chiefly affected although 
there are certain species of broadleaved shrubs and dwarf trees with 
evergreen foliage of an inflammable character upon which crown fires 
may feed. In most broadleaved species the foliage, while on the trees, 
normally remains green, is less inflammable and does not occur in such 
close arrangement as in conifers. With some broadleaved species the 
dead leaves remaining for a while on the trees may afford fuel for 
crown fires. This is more likely to be true in young densely stocked 
stands than in older stands of broadleaved trees. 

Two types of crown fires may be recognized; the running crown fire 
and the dependent crown fire. The former type progresses independ- 
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ently through the crowns of the trees. It spreads with great rapidity, 
though probably no faster than a quick-running grass and brush fire. 
It is closely followed by a surface fire. The dependent crown fire 
accompanies a surface fire. The burning material on the ground fur- 
nishes the volume of heat which ignites the crowns and maintains the 
crown fire. 


MODE AND RATE OF SPREAD 

At first a surface fire burns out from its starting point in circular 
form, and would so continue were it not for various factors which at 
once begin to control its development. The wind is of primary im- 
portance and soon gives the fire an elliptical shape, the leeward side 
(the front or head of the fire) progressing most rapidly while the 
windward side (rear of the fire) burns slowly or dies out. The two 
sides (or flanks) of the fire, connecting the head and rear of the fire, 
with a change in wind direction may develop into new heads. Other 
factors, discussed in the succeeding section, cause radical modification 
in the progress of the surface fire. 

The progress of ground fires is slow and is independent of wind 
direction or velocity. 

Crown fires advance only in the direction of the wind. Burning 
brands and embers are carried forward by the wind and set other fires 
in advance of the original one. Thus several fires, both surface and 
crown, are likely to be burning and may combine. Carried by the 
wind, a crown fire may leap ahead a quarter of a mile or more, some- 
times leaving unburned patches of timber in its wake. This charac- 
teristic of crown fires for starting new fires, known as “spot” fires, 
ahead of the original makes it dangerous to be in the path of a crown 
fire. 

Spot fires may also be associated with surface fires. Independent 
of prevailing wind conditions, when such a fire becomes large enough, 
it creates tremendous local convection currents which may pick up 
embers of any sort — burning pieces of wood, bark, and cones — and 
carry them first upward and then for various distances away from 
the fire itself. It may well be said that when a fire is suflSciently large 
it can create its own wind conditions. 

The rate at which forest fires spread may be expressed in various 
ways. Number of miles per hour at which the fire advances is one 
mode of expression; acres burned over per hour is another. Still an- 
other measure is the length of the perimeter developed in a given 
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period of time, usually expressed as the rate of perimeter increase in 
chains per hour. The last is the best way of indicating rate of spread 
because it shows directly the rate of increase in length of advancing 
fire edge which must be fought. 

Under favorable burning conditions forest fires may make prodigious 
rates of spread. Show (1936) mentions one fire which, fanned by a 
high wind, burned over a total area of 23,000 acres in 12 hours or at 
the rate of more than 1900 acres per hour. Jemison (1932) describes 
a fire, known as the Freeman Lake (Idaho) fire, which spread at the 
rate of 1600 acres per hour for 12^/^ hours. The wind was of only 
moderate velocity, but the relative humidity was about 10 per cent, 
the air temperature above 90° F., and the moisture content of the duff 
less than 10 per cent. One spot fire of 350 acres was started 3 miles 
ahead of the main fire. 

FACTORS INFLUENCING THE SPREAD AND SEVERITY 
OF FOREST FIRES 

Each fire is distinct in its rate of spread and severity from other 
fires of its type. Nevertheless the factors which govern these all-im- 
portant components of fire danger are of general application. They 
must be recognized and the influence of each factor be understood. 
The most obvious factors controlling the spread and severity of forest 
fires (once started) are five: 

Amount and character of the fuel. 

Moisture content of the fuel. 

Wind movement. 

Topography. 

Forest cover. 

A variety of climatic factors are basic in determining the moisture 
content of the fuel. Among such factors precipitation, air temperature, 
and atmospheric moisture (usually expressed as relative humidity of 
the air) are primary. Their influence will be brought out as they 
enter into the discussion. 

Amount and Character of the Fuel 

Potential fuel in the forest for forest fires is found among the fol- 
lowing seven groups. 
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1. The living trees making up the forest. The living forest together 
with its underlying soil is what the protectionist attempts to preserve 
from fire. Generally speaking, its inflammability may be said to vary, 
in accordance with composition, being usually least in pure hardwood 
stands and greatest in forests composed entirely of resinous conifers. 

2. Underbrush. This is made up of various shrubby plants and of 
tree reproduction. On the whole it is a living type of fuel and may or 
may not be of inflammable character. Where made up of evergreen 
plants it often is quite inflammable. The underbrush may become ex- 
ceedingly dry in periods of drought. From its position beneath and 
between the forest trees and because of its height of several feet above 
the ground, it may, when occurring in thick clumps, easily serve as 
a means of carrying fire and of igniting the forest itself. Both dead 
underbrush, killed by the density of the forest, and living plants of 
an evergreen character are particularly dangerous as means of carry- 
ing a severe fire. 

3. Living ground cover. The plants composing the ground cover 
are herbaceous in character (frequently grasses) and have a lighter 
and more inflammable character than the other living portions of the 
forest community. These plants are annuals or perennials so that 
the portions above ground die and dry up each year and consequently 
become decidedly inflammable. The ground cover, because of its light 
texture and the thoroughness and speed with which it dries out, may 
be a dangerous source of spreading fire. 

4. Forest litter and undecomposed humus. This consists of the dead 
organic material, principally leaves and needles, twigs, and other or- 
ganic residue from the trees. The forest litter and undecomposed 
humus dry out relatively easily at least on the surface whenever precip- 
itation is scanty or sunlight and winds are prevalent. Because of its 
continuous extent throughout the forest, it assists the spread of a fire 
and is particularly important in carrying combustion from dead 
branchwood to dead branchwood and from log to log. 

5. Dead branches and moss on the living trees. Under certain cli- 
matic conditions long stringers of moss, which become very inflam- 
mable when dry, occur in considerable abundance on standing trees. 
Dead branches and moss on the trees furnish a means for carrying the 
fire quickly up the length of the tree. The moss in particular may 
be a great source of danger in certain forest types. 

6. Snags. Under this term are included standing dead trees belong- 
ing either to the present forest or relics of former forest generations. 
Oftentimes these snags are partially decayed and punky with broken. 
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broomed tops. Snags often carry fire for their entire height and be- 
cause of the punky material contained may scatter burning brands on 
unburncd areas ahead of the existing fire. They are considered there- 
fore one of the most potentially dangerous types of inflammable ma- 
terial. Owing to their height and consequent exposure to the wind and 
owing to the fact that most of them are without bark, they dry out 
very thoroughly and easily ignite. Snags are especially abundant in 
some of the western conifer forests where they remain standing for 
decades slowly disintegrating from the top downward. 

7. Logging slash. Every logging operation results in leaving on the 
ground more or less material from the cut trees which cannot be re- 
moved profitably. Logging slash is likely to be highly inflammable 
and often occurs in dense masses, sometimes several feet thick, which 
cover considerable portions of the cutover area. Logging slash acts 
both as a source of additional fuel for forest fires and also as an im- 
pediment in the way of the fire fighters attempting to build fire lines 
and control the fire in cutover areas. There is a great variety of 
material in the logging slash ranging all the way from the small 
branches coming from the tops of living trees to large-sized cull logs 
and big tops. While the extent to which logging slash becomes in- 
flammable varies greatly depending on size, species, and climate, it 
frequently is the primary source of inflammable material on cutover 
areas. 

With such a wide range of material it is evident that there must be 
an unlimited variability between individual stands as to amount and 
character of fuel contained and possible rate of spread and severity 
of the fires which might burn. The critical factor will be the moisture 
content of the fuel which will now be considered. 

Moisture Content of the Fuel 

This factor and the amount and character of the fuel are so inti- 
mately associated as to merit being discussed together. There can be 
no fires without fuel to burn, and correlatively there will be no burn- 
able fuel while its moisture content is sufficiently abundant to preclude 
ignition. Fires are dependent both for their- severity and for their rate 
of spread upon a supply of properly conditioned fuels which not only 
will ignite but, once ignited, will carry the combustion process forward. 

Although theoretically the entire forest is potential fuel, actually 
a portion only is available as fuel for a forest fire. How large a per- 
centage of the total plant community this portion available for burn- 
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ing will be at any given moment depends upon the moisture content 
of the fuel, which is the factor of primary importance in determining 
relative fuel inflammability. Abundant and uniformly distributed 
precipitation will maintain such a high moisture content in all poten- 
tial fuel that fires cannot run. There may be thousands of cubic feet 
of wood and other vegetable products on every acre and yet not a 
single cubic foot of fuel available for a fire because of high moisture 
content. Unfortunately in most forest types such a condition does not 
prevail throughout the year. 

The volume of potential fuel remains relatively the same for long 
periods, changing only as the result of growth, mortality, or cutting 
of the immediate forest vegetation. But the moisture content of the 
potentially inflammable material fluctuates from season to season, day 
to day, and even hour by hour. Thus within the same forest stand 
the fuel available for burning will be a changeable quantity and will 
vary in character depending upon the scarcity of moisture. In seasons 
of low precipitation the quantity available increases and rises rapidly 
with a lengthening of a drought. 

Obviously the weather exerts a controlling influence on the moisture 
content of forest fuels. Precipitation itself is the chief weather factor 
influencing fuel moisture content over protracted periods. It is also 
the only weather element that can bring about the cessation of fire 
danger. The effectiveness of a given amount of precipitation in this 
connection, however,’ varies with the season of the year. Mitchell 
(1926) has found that in Minnesota summer precipitation amounting 
to less than 0.5 inch in 10 days has apparently little effect in keeping 
fires down, whereas in the fall 0.5 inch in a 10-day period is highly 
effective. 

As a weather factor secondary to precipitation, but especially im- 
portant in affecting fuel moisture content during dry periods, atmos- 
pheric moisture usually expressed as relative humidity (of the air) 
must be recognized (Hofmann and Osborne 1923). Relative humidity 
is the ratio of the actual mass of water vapor per unit of volume to 
the mass of water vapor that would saturate that volume at the same 
temperature and pressure, or roughly the percentage saturation of the 
air. Changes in relative humidity are brought about in one of two 
ways: (1) by changes in temperatures, for warm air holds more mois- 
ture than cold air — at 90° F. 1 cubic foot of air holds twice as much 
moisture as at 68° F. — and (2) by changes in amount of moisture in 
the air. Air temperatures and wind are weather factors which exert 
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an influence upon relative humidity and hence affect fuel inflamma- 
bility. 

Certain parts of the forest, such as the living trees and shrubs, rarely 
if ever dry out sufficiently to burn readily. Green foliage unless of a 
resinous nature burns with difficulty even in protracted dry periods. 
The litter composed of fallen leaves and twigs dries quickly and is 
easily kindled by a spark. Conifer needles, if dry and not compacted, 
burn faster and create a hotter fire than the litter from broadleaved 
trees. Grasses and other herbaceous vegetation become as dry as 
tinder at certain times of the year at which time they burn more rap- 
idly than either conifer needles or hardwood leaves. During extended 
droughts, the humus and even deep peaty deposits in swamps may 
become thoroughly dry. Large limbs and dead trees do not dry out 
as quickly as the litter but ultimately may attain an exceedingly dry 
condition. This is particularly true with standing dead trees from 
which the bark has disappeared. 

The material which makes possible the start and quick spread of 
a fire is the fuel of a light, loose character, such as the top litter, 
herbaceous vegetation, dry moss, resinous needles, and the outer sur- 
face of the more solid material. Exposure to the air with its plentiful 
supply of oxygen enables combustion to progress rapidly once such 
fuels have been ignited. The moisture content of this class of material 
is subject to rapid and large daily fluctuations, because it is easily 
influenced by changes in the weather especially by the diurnal varia- 
tions in air temperature and relative humidity. Moisture may be 
either evaporated from the fuel into the air or absorbed by the fuel 
from the air, as the relative humidity falls or rises. Since the air can 
hold more moisture when warm than when cold, a rise in air tempera- 
ture when the atmosphere is drier than the fuels causes evaporation 
of moisture from the fuel into the air; under reversed atmospheric 
moisture — fuel moisture conditions, a fall in temperature has the oppo- 
site effect. Under normal conditions the fuel in the forest is likely 
to absorb at night slightly less than the amount of moisture that is 
evaporated during the day time. 

The all-important relationship between weather and forest fire 
danger has led to many investigations (Wright and Beall 1945) hav- 
ing for their primary purpose the improvement of fire control through 
developing accurate methods of measuring current fire danger and 
using such estimates in conjunction with weather forecasts to predict 
the probable future fire danger. Such forest fire weather studies as 
reported on by Gisborne (1928) and Stickel (1931) have shown that 
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fuel moisture content is the best index to forest inflammability. Gen- 
erally speaking, forest fuels containing more than 30 per cent moisture 
are relatively safe from ignition by all ordinary firebrands such as 
camp fires, matches, smokers' materials, and locomotive sparks. As 
fuel moisture content decreases below this level an increasing number 
of these causes of fires become effective until at around 6 per cent 
moisture content or less all sources of ignition are dangerous. Rela- 
tive degrees of inflammability based upon differences in the moisture 
content of forest fuels have thus been established. 

Forest fire weather studies likewise have shown that, in addition to 
relative humidity, the moisture content of forest fuels and hence the 
degree of inflammability is controlled by other weather elements or 
conditions such as air and duff temperatures, depression of the dew 
point, and number of hours since the last precipitation. These are 
readily measured and can be used to estimate fuel moisture content. 
None of these are as accurate for this purpose as is evaporation which 
is in effect a summation of all the weather elements (Stickel 1931; 
Jemison 1935). 

The moisture content of fuels especially those in immediate contact 
with the mineral soil may be influenced by soil moisture which in turn 
is affected by the height of the ground water table. The level of water 
in the ground falls in seasons of drought, and greater dryness of the 
fuels may be expected in such periods. For this reason ground water 
level movements hav« been suggested as an indicator of forest fire 
weather conditions (Thompson 1927). 

Although fuel moisture content may be determined with a fair de- 
gree of accuracy by weather measurements alone, they have not proved 
equally satisfactory for all types of forest fuels, particularly the heavier 
classes of materials like dead branchwood, snags, and thick duff layers. 
These denser, slower-drying fuels when once ignited present greater 
problems of control than fire in faster-drying light fuels such as dead 
grass and thin leaf litter. For this reason direct methods of measur- 
ing fuel moisture content have been developed making use of such 
devices as the duff hygrometer and fuel-moisture-indicator sticks 
(Gisborne 1936, pp. 30-35). The use of such data and other asso- 
ciated variables of fire danger for determining daily variations in 
forest fire intensity are fully discussed later (Chapter 11, Fire-Danger 
Rating) . 

The severity of a fire is more directly dependent upon the amount 
of available fuel than is the rate of spread. A fire may run rapidly 
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under certain conditions even if the fuel supply is scanty, but such a 
fire cannot be a severe and damaging one. 

When there is a large accumulation of dry fuel the fire becomes truly 
a conflagration. A forest fire itself acts as a drying agent, reducing the 
moisture of the fuel which lies within range of the heat developed. If 
once a large volume of heat can be created, the fire gathers momentum 
and progressively dries the fuel for its own advance. This explains why 
slash-covered areas with large accumulations of dry fuel may be a 
menace to adjoining green timber. 

Forest fuels must be heated to temperatures of 600° to 800° F. before 
they will burn (Osborne 1942, p. 6) . When the moisture content is high 
a great deal of heat is used in evaporating the water, which must be 
accomplished before the material will ignite. There may not be enough 
heat remaining to keep the temperature above the kindling point. If 
not, the fire is extinguished. To illustrate the amount of evaporation 
necessary before combustion can occur, figures secured by Hofmann 
(1924, p. 52) for Douglas-fir stands are summarized below: 

Gallons of Water 
Evaporated per Acre 
BEFORE Needles 

Ignited By 

3900 A 12-y car-old stand of 8000 trees per acre 

2300 A 12-ycar-old stand of 20,000 trees per acre 

1500 A mature stand of 32 trees per acre 

Evidently it would require much more heat to start and maintain a 
crown fire in a young than in an old Douglas-fir stand. 

Not only does the green foliage ignite with difficulty because, as just 
described, it has to be dried out before combustion can take place, but 
also, particularly in hardwood stands, it affects the inflammability of 
other fuel favorably by increasing atmospheric humidity. This is 
discussed in a later section of this chapter in which the influences of 
the forest cover upon fire danger are considered. 

The uniformity and compact arrangement of the inflammable ma- 
terial have a great influence on the spread and severity of the fire. 
The fastest spread occurs when the material is easily inflammable and 
arranged uniformly so that the fire suffers no check but not so com- 
pactly as to prevent the ready access of air. 

The severity of a fire, other conditions being equal, increases with 
the density of the material. Density makes for a slow advance of the 
fire and keeps the fire in one place for a relatively long time. This 
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results in more complete consumption of the material and, therefore, 
greater injury. For example, a fire burning through a field of scrub- 
oak brush covered with dry leaves will rush forward rapidly; but 
much material will be unconsumed, and injuries to standing trees may 
be slight because the flames, though hot, do not remain long in one 
spot. If this same brush is cut and left lying in an evenly distributed 
compact layer on the ground and then burned at the same degree of 
dryness as when standing, the fire will advance more slowly, consump- 
tion of the material will be more complete, and injury to the living 
trees will be greater. 

A ground fire burning in finely powdered humus with a restricted 
oxygen supply necessarily burns slowly, but all dry material can be 
reached and consumed, and all trees affected are killed. A crown fire 
burning in the tree tops where the individual limbs and trees are fre- 
quently not touching requires a wind to carry the flames from point to 
point and dry, easily ignitable material upon which to feed. 

Wind Movement 

The wind determines the general direction in which surface and 
crown fires advance. Given the same fuel, moisture content, and topo- 
graphic conditions, the rate of spread of these fires increases with the 
velocity of the wind (Curry and Fons 1938). However, fuel moisture 
content which controls fuel inflammability is more important in deter- 
mining the severity of burning conditions than is the wind velocity. 
When fuels are thoroughly saturated with moisture there can be no 
fires even though the wind velocity is high, yet on a day without winds 
if fuel moisture content is low fires may start and spread. 

A dangerous combination is a strong wind blowing from a dry region. 
The dreaded “Santa Ana^^ or northerly to easterly winds blowing 
across the southern California forest each fall is an excellent illustra- 
tion (Show et al. 1941, p. 47). This brings in dry air and changes the 
absolute humidity of the air. The effect is to lower the relative humid- 
ity, increase evaporation, and hence lower the moisture content of the 
light-weight fuel especially. Under these conditions when once a fire 
is started the wind assists in more thoroughly drying out the fuel ahead 
of the fire, both by increasing evaporation through the new air supply 
brought in and by driving the heated air, out of its normal upward 
direction, horizontally into contact with new fuel as yet not ignited. 

A steady wind is required to carry the heat from tree to tree in a 
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running crown fire. Otherwise when the wind slackens the fire dies 
down in the tops and burns as a surface fire. 

The fire itself creates a draft upward because of the tendency of hot 
air to rise. Such an air current may pick up burning material and 
carry it forward to start new fires. On slopes the upward movement 
of the hot air tends to increase the speed and severity of the fire. 

Topography 

Altitude, aspect, slope, and surface conditions each affect spread and 
severity of the fire. In a rugged country, owing to the frequent and 
wide variations in topography, the progress of a fire is irregular. 
Regions without distinguishing topographic features favor a more uni- 
form development of all sections of the fire. 

As demonstrated by Hayes (1941) altitude and aspect are important 
controlling variables of fire behavior through their influence on fuel 
moisture content and the weather factors controlling it. From meas- 
urements made at a series of paired fire-weather stations on north and 
south aspects at elevations ranging up to 5500 feet in northern Idaho 
it was shown that distinct altitudinal zones occur with a thermal belt 
midway between the lowest and the highest zones. During night 
periods burning conditions are most critical in the thermal belt on both 
aspects studied because of the centering in this belt of the inversion of 
the vertical gradients of most of the fire-danger factors save wind 
velocity. On south aspects during day periods fire behavior was found 
to be somewhat more dangerous in the thermal belt than above or below 
it, while on the north aspects for the same period the highest altitudinal 
zone was most critical. 

By means of an “artificial sun” apparatus Byram and Jemison 
(1943) have investigated the influence of solar radiation on forest fuel 
moisture. From this study they have derived formulae which can be 
used to prepare fuel moisture equilibrium maps showing variations in 
fuel inflammability with aspect and slope that result from differences 
in radiation intensity alone. 

A fire burning uphill advances rapidly. The heated air rising ver- 
tically and radiating horizontally passes near (particularly on very 
steep slopes) the ground ahead of the fire and by its heating and drying 
action hastens ignition and increases the intensity of the fire. Trees 
are injured worst on their uphill sides, both because humus and litter 
tend to accumulate there, and because the flames protected by the tree 
trunks from the draft burn longer in proximity to the tree. When a 
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fire runs up a slope to the summit of a narrow ridge, burning brands are 
likely to be carried over the ridge and dropped farther ahead than on 
level ground. Fire progresses downhill very slowly and relatively 
feebly, burning as it must against the upward rising draft of heated 
air. Where the available fuel is of such a character as to roll downhill 
easily (sticks, cones, or fragments of rotten logs and snags) , these burn- 
ing embers may start fires some distance below the original fire. Fires 
so set are likely to sweep up the slope quickly until they meet the other 
fire. Cones furnish the most dangerous material for carrying fire down 
a slope. 

Where slopes become precipitous and barren of vegetation they form 
effective barriers to the spread of fire. A stream or a narrow strip of 
moist ground at the bottom of a ravine may serve to stop a fire. The 
fire has burned slowly down the slope and on approaching the stream 
has not sufficient momentum to leap this obstacle. Fires on slopes with 
northern or eastern aspects do not spread as rapidly as those with 
southern or western exposures. This is explained by the greater dry- 
ness of the fuels, since south slopes are longer exposed to the heat of the 
sun. 

A smooth surface on which the inflammable material occurs uni- 
formly distributed tends to make the fire burn more evenly and in- 
tensely. Bare rocks function to delay and break up the front of the 
fire. 

Forest Cover 

Plant ecologists have long recognized that forest vegetation exerts a 
marked effect on the microclimate of an area. Through the leafy 
canopy it intercepts solar radiation thereby lowering the air and duff 
temperature as well as effecting a higher relative humidity of the forest 
atmosphere. Both the crowns and stems of the trees act as barriers to 
the free sweep of air currents thereby greatly reducing the wind ve- 
locity. Together such ameliorating influences bring about lower evapo- 
ration within the forest, a fact that has a pronounced effect on the rate 
at which forest fuels dry out (Gisborne 1928; Stickel 1931). 

To the above must be added the role played by the physiological life 
processes of trees, particularly the favorable increase in atmospheric 
humidity by increased transpiration. Wright and Beall (1934) at- 
tribute the decrease in fire danger which comes after the hardwood 
foliage develops in the spring at least in part to transpiration into the 
atmosphere by new tree foliage. 

From such fire-weather studies as have been made by Gast and 
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Stickel (1929), Stickel (1933), and Jemison (1934) it is evident that 
silvicultural practices may contribute in no small degree to increasing 
local fire danger. Jemison states, for example, that a full forest cover 
in Idaho eliminates 90 per cent of the critical fire days during the 
height of the fire season. Any form of cutting which greatly reduces 
the amount of forest cover increases the exposure of fuels to the desic- 
cating action of all the weather elements. This results in a propor- 
tional increase in the fire danger in intensity as well as in duration. 
The forester should recognize the important effect of varying canopy 
density upon fuel inflammability in fire-control planning. 
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CHAPTER 


Causes o£ Forest Fires 


It is a matter of utmost importance that the causes of forest fires 
should be known. This information is wanted not primarily for his- 
torical or descriptive purposes but for practical use in planning fire 
prevention for the elimination of each source of fire. Before fire pre- 
vention can be intelligently pursued, the causative agencies responsible 
for starting fires must be identified and located. 

The causes responsible for the origin of forest fires are numerous and 
of widely varying character. They admit of grouping under a rela- 
tively small number of types and are usually arranged under eight 
headings. This furnishes a sufficiently detailed classification for statis- 
tical purposes and is broad enough to fit conditions in all parts of the 
country. It is an advantage to have fire causes grouped in the same 
way for all parts of the country. 

The U. S. Forest Service, assisted by various cooperating agencies, 
each year gathers and publishes statistics concerning fire causes and 
other fire data. The grouping of fire causes and the gathering of fire 
cause data throughout the country have become standardized in this 
way. The classification of fire causes here presented shows the group- 
ing now recommended and used by most fire control organizations {For- 
estry Terminology 1944:31). Further subdivision, if it appears de- 
sirable, can be introduced without changing this major grouping. 

The classification of fire causes is as follows: 

Camp Fire. Forest fires resulting from fires started for the purpose of cooking, 
or providing light or warmth, by persons camping or traveling on or near wild 
land, except those started by railroad or lumbering employees in connection with 
their duties. 

Debris Burning. Forest fires resulting from any fires originally set for clearing 
land for any purpose, or for rubbish, garbage, range, stubble, or meadow burning, 
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without intent on the part of the burner to have such fires spread to lands not 
intended to be burned. (This cause does not include lumbering fires or hazard 
reduction on rights-of-way of common-carrier railroads.) 

Incendiary. Forest fires which in the judgment of the reporting officer are de- 
liberately set by anyone with the intention of burning over land or damaging 
property not owned or controlled by him. 

Lightning. Forest fires caused directly or indirectly by lightning. 

Lumbering. Forest fires, except those caused by smokers, resulting from lumber- 
ing operations. (Lumbering operations include all activities connected with the 
harvesting or processing of wood for use or sale. Lumbering fires will include 
those caused by logging railroads which are not common carriers.) 

Railroad. Forest fires resulting from maintenance of rights-of-way or construc- 
tion or operation of common-carrier railroads. 

Smoker. Forest fires caused by smokers* matches or by burning tobacco in any 
form. 

Miscellaneous. Forest fires which properly cannot be classified under any of 
the foregoing seven standard causes. (Fires of unknown origin should be classified 
under most probable cause and not under Miscellaneous.) 

A ninth heading “unknown^^ is added by some organizations to in- 
clude the fires which cannot be assigned definitely to any known cause. 
Under conditions which prevail at present, many fires are classed as of 
unknown origin. With improvement in fire protective organizations 
the percentage of fires classed as of unknown origin should steadily 
diminish. As long as the fires of unknown origin form a relatively 
large percentage of the total number of fires it is difficult to evaluate 
correctly the comparative importance of the other fire causes. Al- 
though the system adopted by the U. S. Forest Service for use on the 
national forests of assigning the fires of unknown origin to the probable 
cause is the best way out of the difficulty, it has a tendency to distort 
the reliability of reported causes between adjacent states when one 
recognizes unknown-caused fires and the other does not. For this 
reason, even where the social pattern and forest types of neighboring 
states are practically identical, it is not at all uncommon to have, 
for example, apparently great differences with respect to the number 
of fires caused by smokers and incendiarism. 

Another way of handling the fires of unknown origin in order to 
secure the right perspective is to prorate them among the known causes. 
Mitchell (1927) employed this method in analyzing fires in Minnesota, 
allotting the unknown causes on a prorata basis to all the other known 
causes except railroads. Railroads were excluded from this allotment 
because fires originating from railroads are more easily assigned to their 
origin than those originating from other causes. 

Statistics on causes are gathered by private^ state, aud federal or- 
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ganizatiuns which provide fire protection and are compiled and pub- 
lished by the U. S. Forest Service. These statistics have been drawn 
upon in compiling the table which illustrates the relative importance of 
the various fire causes throughout the country. 

Causes of Fires Occurring on Protected Lands in the United States 
(Exclusive of Alaska) on Federal Lands and on State and Private 
Land Expressed in Percentage of the Total Number of Fires ^ 


Cause 

Federal Lands 

State and Private Lands 

All 

Lands, 

1946 

Average for the Years 

1932-1936 

1942-1946 

1932-1936 

1942-1946 

Lightning 

47.5 

51.3 

2.7 

2.9 

8.8 

Railroads 

1.0 

2.4 

4.6 

7.8 

6.6 

Camp fires 

9.1 

4.5 

6.5 

4.0 

4.4 

Smoker 

19.0 

15.1 

25.3 

23.7 

23.9 

Debris burning 

5.5 

3.3 

14.2 

16.8 

15.5 

Incendiary 

12.0 

15.4 

27.5 

28.3 

25.6 

Lumbering 

1.0 

0.7 1 

1.6 

1.9 

1.6 

Miscellaneous 

4.0 

6.6 

9.8 

12.2 

13.6 

Unknown 

0.9 

0.7 

7.8 

2.4 

0.0* 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 


^ Obtained from the fire cause statistics published annually by the U. S. Forest 
Service. 

* Less than 0.1 per cent. 


These eight major classes of fire causes may be divided into two 
groups, natural and man-caused. The former group is nonpreventable 
and includes lightning fires and those set by spontaneous combustion 
(listed under fires of miscellaneous origin). All other fires, approxi- 
mately 90 per cent of the total, are man-caused and consequently pre- 
ventable. Evidently man is the chief cause of forest fires. Funda- 
mentally, carelessness is the underlying cause of fires. This is a 
common fault of the American people, in fact of all mankind. The 
greatest proportion of all man-caused fires may be traced back to 
carelessness. 

In the foregoing table, fires on federal lands have been kept separate 
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from those on state and private lands and the causes are shown for the 
5-year period 1942-1946 and for a corresponding 5-year period 10 years 
earlier. 

The most striking contrast between the causes of fires on federal 
lands and those on state and private lands is the prominence which 
lightning fires assume on federal lands. Approximately 50 per cent of 
all fires on these lands are set by lightning as compared to less than 
3 per cent originating from this cause on other lands. The primary 
reason for this difference is that the forests in regions climatically 
most subject to lightning fires are largely federal owned. 

The three principal causes of fires for the United States as a whole 
are incendiarism, smokers, and debris burning, as shown in the last 
column of the table. Together these three causes make up over 60 per 
cent of the forest fires. Lightning comes no higher than fourth place 
for the entire country. There appears to be no significant change be- 
tween the earlier and later periods as regards the relative importance 
of fire causes. 

The distribution of fire causes is not uniform, as can be easily seen 
from inspection of the percentage figures given in the table on page 55. 
What evidently applies to the individual states as shown by these data 
applies with even greater force as smaller and smaller land units are 
considered. 

Causes may show marked variations between forest areas quite close 
together and even on different parts of the same forest. Hence studies 
of fire causes should be local in character, and the statistics should be 
obtained separately for each forest unit. 

Fire causes may change with time. Economic developments affecting 
a forest area may increase the importance of some fire causes and de- 
crease that of others. The season of the year influences the type of fire- 
causing activity which is operative. 

Holidays and Sundays as contrasted to other week days may in- 
fluence the number of fires set by a given cause. Wilkinson (1940) 
showed that in the Pacific Northwest there were 1.7 times as many 
fires per day on Sunday as on other days. Holidays gave nearly as high 
an average as Sundays. The presence in the forest of many more people 
than on other days makes such increase in fires understandable. 

Data for the year 1946 from a few individual states are presented 
in the table on page 55 to show how the relative importance of fire 
causes changes, depending upon the region. These states have been 
selected because of having the highest percentage for some one or more 
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fire causes of any of the states. The highest percentage figure for each 
of the fire causes is italicized in the table. 

Arizona had the highest (82.9) percentage of lightning fires. Wis- 
consin reports 28.1 per cent of its fires due to railroads — a larger pro- 
portion than in any other state. The high record for camp fires goes 
to Colorado, nearly a quarter of all its fires being of this origin. Smoker 
fires constitute 55.2 per cent of the total in New Jersey. In Illinois 
more than 39 per cent of the fires are due to debris burning; in Okla- 
homa nearly 80 per cent are started by incendiaries. Maine with 7.8 
per cent has the largest proportion of lumbering fires. Miscellaneous 
fires comprise 53.3 per cent of the total number in Rhode Island. 
Recording such a large percentage of the fires as of ^^miscellaneous’^ 
origin is an indication of inaccurate gathering of fire cause data. 


Causes of Fires in Selected States Expressed in Percentage of the Total 
Number of Fires, 1946 ^ 



Ari- 

Wis- 

Colo- 

New 


Okla- 


Rhode 

Cause 

zona 

consin 

rado 

Jersey 

Illinois 

homa 

Maine 

Island 

Lightning 

82,9 

1.0 

39.2 

0.0* 

0.0* 

2.5 

4.9 

0.0* 

Railroads 

0.2 

28,1 

5.6 

21.4 

6.3 

1.1 

2.9 

1.0 

Camp fires 

4.2 

2.8 

24,5 

1.1 

3.3 

2.9 

10.4 

1.0 

Smoker 

8.8 

28.7 

12.7 

65.2 

24.8 

9.7 

37.6 

15.4 

Debris burning 

0.6 

16.7 

1.7 

8.5 

89. 2 

1.3 

13.5 

15.2 

Incendiary 

0.7 

10.8 

0.3 

10.8 

6.9 

79.6 

2.0 

13.6 

Lumbering 

0.4 

0.9 

1.4 

0.0* 

1.2 

1.3 

7.8 

0.5 

Miscellaneous 

2.2 

11.0 

14.6 

3.0 

18.3 

1.7 

20.9 

63.3 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 


1 Data obtained from the fire cause statistics published by the U. S. Forest Service. 

* None or less than 0.1 per cent. 

The importance of fire causes should not be judged alone by number 
of fires started but should be evaluated also according to the area 
burned over and by the loss resulting. The table on page 56, compiled 
from published statistics, shows in parallel columns the percentages of 
fires attributable to each cause when each of the three measures men- 
tioned above is applied separately and finally when the three are 
combined. From this table it will be seen (on the basis of the 1926- 
1930 period for which damage figures separated by causes are avail- 
able) that incendiary fires are the worst in total acreage burned over 
and in damage caused although fewer in number than smoker fires. 
Smoker fires though more numerous are less destructive in acreage 
burned and damage done than are incendiary fires. This is logical since 
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Average Annual Causes of Fire ' on Protected Areas in the United States 
(Exclusive of Alaska) for the 5 Years 1926-1930 * Expressed in Percent- 
age OF Number of Fires, Acreage Burned Over, and Tangible 

Damage 



Number 

Acreage 

Tangible 

All Three 

Cause 

of Fires 

Burned Over 

Damage 

Combined 

Lightning 

9.5 

6.2 

12.3 

9.4 

Railroads 

9.1 

4.1 

6.0 

6.4 

Camp fires 

7.9 

6.3 

4.2 

6.1 

Smoker 

21.1 

16.0 

14.4 

17.2 

Debris burning 

12.5 

12.5 

9.0 

11.3 

Incendiary 

17.1 

29.5 

22.8 

23.1 

Lumbering 

3.9 

5.0 

9.2 

6.0 

Miscellaneous 

9.2 

10.0 

10.4 

9.9 

Unknown 

9.7 

10.4 

11.7 

10.6 

Total 

100.0 

100.0 

100.0 

100.0 


^ Data obtained from the fire cause statistics published annually by the U. S. 
Forest Service. 

* The present day annual summaries of forest fire statistics do not permit bringing 
this table up to date. 

the incendiary often picks the most dangerous time and relatively in- 
accessible locations for setting fires whereas smokers^ fires occur chiefly 
in places easy to reach and at all times during the fire season. The final 
rating (last column of the table) lists the four most dangerous causes 
for the country as a whole as incendiary, smoker, debris burning, and 
lightning, in the order named. Miscellaneous fires are not considered 
in this rating since they comprise a variety of minor causes. Unknown 
fires are also omitted since they should be divided among the other 
causes. 

When more local distribution than that afforded by state boundaries 
is studied, it is found that fire causes often have quite distinctive zones 
of occurrence and sometimes are seasonal in character. 

Lightning being a natural fire cause and in itself a weather factor 
is extremely seasonal, operating only at irregular intervals during the 
time of year when lightning storms develop. It is likely to be a major 
fire cause in regions subject to frequent severe lightning storms and 
having a relatively dry summer climate. If abundant precipitation 
accompanies the lightning, or if precipitation is ample between light- 
ning storms, few if any fires will originate from this source. The right 
climatic conditions as regards a dry summer are met in parts of the 
Rocky Mountains and Pacific Coast states. As a consequence, it is in 
these states that lightning fires assume greatest importance. Statistics 
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for 1946 indicate that lightning is the chief cause of forest fires in ten 
states, namely, Arizona, Colorado, Idaho, Montana, New Mexico, 
Oregon, South Dakota, Utah, Washington, and Wyoming. 

There is a difference in the character of lightning storms. Some 
storms cause relatively few fires, even in a region with suitably dry 
summer climate ; other storms set numerous fires. The amount of pre- 
cipitation accompanying the storm, both before the lightning flashes 
and subsequent to the lightning, influences the setting of fires. Fewer 
fires are set if the accompanying precipitation is considerable. The 
direction of the lightning flashes, whether from cloud to ground, from 
ground to cloud, or from cloud to cloud, is important. The lightning 
passing from cloud to ground is largely responsible for setting forest 
fires. 

Even in these climatically suited regions there are distinct zones 
within which lightning storms are frequent. The number of fires set 
by lightning, other conditions being equal, increases with the number 
of storms. In a bad lightning storm a large number of fires may be set 
in a single day, frequently in inaccessible places. In some parts of the 
West these lightning zones have been mapped on the basis either of 
number of lightning fires which have been started or of number of 
lightning storms which have occurred. 

Show and Kotok (1923) mapped lightning fire, camp fire, and in- 
cendiary fire zones in the California national forests and also showed 
in graphic form the seasonal occurrence by months of fires originating 
from a variety of causes. Distinct differences in seasonal occurrence 
were found for the various causes. Debris burning had the nearest 
uniform distribution throughout the year while lightning showed the 
highest concentration. Morris (1934) found that in the forests of 
Oregon and Washington the average number of lightning storms per 
100,0(X) acres could be mapped in zones but that less satisfactory results 
were obtained when attempt was made to zone the number of lightning 
fires per unit of area. 

Railroads become a prominent fire cause in regions where their 
tracks with many grades and cuts are bordered by woodland. The 
character of fuel burned, the density of rail traffic, the degree to which 
spark arresters, ashpans, and rights-of-way are kept in efficient condi- 
tion for protection are influencing factors. In general, combinations 
resulting in a high percentage of railroad fires occur in the northern 
half of the territory east of the Mississippi; particularly in the Lake 
states, the northeastern, the Middle Atlantic, and the southeastern 
states along the Atlantic Coast. 
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Fires set by campers are scattered along lines of travel including 
roads, trails, and streams. There is usually a definite zonation for this 
class of fires and a period of occurrence in which local hunting and fish- 
ing seasons are a determining factor. 

The increase in the relative importance of smoker fires that has taken 
place quite generally over the country may be attributed to the in- 
creasing use of the forest, thus raising the risk from smokers, and to 
the fact that the prevention of fires from this cause is more difficult 
than from some other causes. It may well be that the percentage of 
smoker fires may rise as a result of decreases in other causes. Smoker 
fires may occur wherever people go in the forest but are mainly re- 
stricted to accessible portions. Twenty-seven states attributed more 
than 20 per cent of their fires to smokers. 

Regions where land clearing is in progress or forest areas are inter- 
spersed with agricultural land show the highest percentage of debris- 
burning fires. 

Incendiary fires attain greatest relative importance in sections where 
the local inhabitants believe that they are benefited in one way or 
another by forest fires. Oftentimes this is the fact, at least so far as 
temporary improvement in conditions is concerned. Alleged benefits 
may include improvement in forage or huckleberry crops, driving away 
snakes, creating less favorable conditions for dangerous animals, un- 
covering minerals for prospecting, and creation of a firebreak surround- 
ing valuable property which needs protection. Desire for revenge, the 
excitement of seeing fire burn and of watching the firefighting, attempts 
to cover evidence of trespass or other crime, or attempts to obtain a 
firefighting job are all motives which may actuate an incendiary. Scat- 
tered communities anywhere in the country may suffer from an abnor- 
mally high number of such fires, but on the whole the southern states 
are more likely to have incendiarism as a major cause. 

Lumbering is a minor cause restricted to areas where lumbering 
operations are being conducted. Miscellaneous fires are of secondary 
or minor importance in nearly all regions. 
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WHAT FIRE CONTROL INCLUDES 

Under the subject of fire control are included not alone the actual 
suppression of burning forest fires, but also prevention of the start of 
fires plus all activities, carried on prior to suppression, directed toward 
reduction of the fire danger and toward effective suppression of fires. 
For the purposes of this discussion fire control will be considered under 
its three main subdivisions, namely: 

1. Fire prevention comprising those fire-control activities concerned 
with the attempt to reduce the number of fires through education, 
hazard reduction, and law enforcement. 

2. Presuppression activities in fire control are concerned with the 
organization, training, instruction, and management of the fire-control 
organization, and with the inspection and maintenance of fire-control 
improvements, equipment, and supplies to insure effective fire sup- 
pression. 

3. Fire suppression covering all the work of extinguishing a fire after 
its detection. 

The extent to which each of the three branches of fire control is de- 
veloped and intensified in its application depends upon the fire danger 
in a given forested area. In some places fire control is a relatively 
simple problem which calls for no elaborate planning or complicated 
application. At the other end of the scale are those forest regions 
where the fire danger is so great that the most intensive planning for 
and execution of fire prevention and presuppression action are de- 
manded and a carefully thought-out technique for suppressing fires 
must be promptly and accurately applied if the forest is to be saved. 
The practitioner must judge for his forest what degree of concentration 
on fire control is appropriate. 
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Fire danger is the resultant of both constant and variable factors 
that determines whether fires will start, spread, and do damage, and 
determines as well the difficulty of control. Constant factors are those 
which are relatively unchanging, e.g., normal risk of ignition, topog- 
raphy, all fuels, and exposure to prevailing wind. Variable factors are 
those which change from day to day, season to season, and year to 
year, e.g., all weather elements, fuel moisture content, and variable 
risks of ignition. Fire danger covers both risk, e.g., the chance or 
probability of fire starting, and hazard, a term applied to fuels that 
form a threat either of special suppression difficulty if ignited or of 
probable ignition because of their location. 

PRINCIPLES OF PREVENTION 

If the start of fires could be prevented, all injuries from fire and all 
costs of fire suppression and the elaborate preparations made to be 
ready to control the fires which start could be saved. Complete pre- 
vention is an unattainable goal. Fires originating from lightning and 
spontaneous combustion are unpreventable and must always be taken 
into the reckoning. Fires originating from other causes are due to man 
and in theory are preventable. From the practical standpoint it will 
never be possible entirely to prevent man-caused forest fires. The ex- 
perience in building fires over many decades proves this point. Even 
today a large proportion of all building fires are attributed to pre- 
ventable causes, resting in the last analysis upon human carelessness or 
intention. 

Since, as shown in Chapter 5, preventable forest fires amount to 
approximately 90 per cent of the total number of fires there is evidently 
abundant opportunity for a substantial reduction. 

Fire prevention strictly speaking covers the elimination of man- 
caused fires or, as it works out in practice, the reduction in number 
of such fires. 

However, there has been included under prevention the additional 
task of reducing the potential danger of serious fires caused by the 
presence of large volumes of inflammable debris (Anonymous 1937, p. 
142) . It is open to argument whether the reduction of physical hazards 
involved by the presence of inflammable debris rightly belongs under 
prevention rather than under presuppression activities. Admittedly, 
action to reduce the physical hazards is often an essential step if 
serious fires are to be avoided. Prevention, however, is best construed 
in its narrower meaning which confines it to the reduction of the 
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number of nJft-n-caused fires. Only as far as lessening the physical 
hazard reduces the number of man-caused fires, rather than decreases 
the seriousness of these fires, is such reduction of physical hazards 
properly a function of prevention. In some places, such as around 
camp grounds or on railroad rights-of-way, reduction of inflammable 
material may be so complete that no fire can start on the areas treated, 
but on the majority of sites a light fire is still possible after the in- 
flammable debris has been reduced in volume. Reduction of inflam- 
mable debris will be discussed under presuppression in Chapter 10. 

Only a beginning has been made in the field of fire prevention as 
compared with the possibilities for accomplishment. It is now recog- 
nized that expenditures of time and money in prevention activities 
may be reflected in substantial saving in the costs of fire suppression 
and in areas burned over. 

Prevention is essentially a long-time activity that should be cumu- 
lative in its effects over the years. This is true even though substantial 
results may quickly follow a single prevention project. 

Two general lines of approach are available in fire prevention, both 
directed against the principal setter of forest fires, namely, man. 

1. Education of the people concerning forest fires. 

2. Enforcement of the laws relating to forest fires and enactment of 
new laws where needed. 

Summed up in a sentence, man-caused fires will be prevented in any 
region to a degree commensurate with the knowledge of its people as to 
the loss accruing to them directly or indirectly from fires, the necessity 
for care in the handling of matches, burning tobacco, or any other form 
of fire in the open, and the consequences to the originator of a fire. 

EDUCATION 

In an educational campaign for fire prevention there must be built 
up among the people a different point of view from that now prevalent. 
For lasting results this is likely to come gradually, in some places only 
with the replacement of the old generation by the new. There are, 
however, many localities where already the educational work that has 
been carried on for 5 to 25 years has shown results in increasing care- 
fulness with fire. 

Education of children in the schools is considered one of the most 
effective means of accomplishing prevention. It would be desirable 
from the fire prevention standpoint to have instruction given on forest 
fires in all schools. To be effective, such work needs to be repeated 
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year after year so that finally children acquire the habit of carefulness 
with fire. It is probable that only in rural communities, where contact 
with the forest is closer than in urban centers, can intensive education 
of this type be introduced into already overloaded curriculums. 

Observation of special occasions such as fire prevention week offer 
opportunity for some instruction on the subject. 

Educational efforts in fire prevention employ, among the more effec- 
tive media, motion pictures, posters and signs (Tenant 1941), lectures 
in person or broadcasted by radio, items in newspapers, published lit- 
erature for people of all ages, special letters to selected mailing lists, 
and exhibits and gadgets such as fag bags (Larson 1942). The means 
used must be suited to the local conditions — natural, economic, and 
social — and consequently what may prove suitable in one place is less 
useful in another. Turney (1942) suggests that posters contain infor- 
mation as to how fires may be prevented rather than just urging pre- 
vention. 

The signing of ^‘brush-burner’^ pledges proved helpful in reducing 
number of fires in one case cited by Mullin (1942). 

Personal contact with people living in or passing through the forested 
areas is a most effective method of education, but this is relatively so 
expensive as to be impracticable in dealing with all such people. Wher- 
ever it is not too expensive, personal contact should be employed. 
Coulter (1948) gives many pertinent suggestions with respect to mak- 
ing contacts and establishing good will, the first step in getting public 
cooperation in forest fire prevention. The method is particularly suited 
to forests with a low resident population and where outside visitors do 
not enter in large numbers during the fire season. If the resident popu- 
lation within or adjacent to the forest area is small, it may be ad- 
visable to see every family or at least the most influential members of 
the community. Contacts of this type should not be made once and 
abandoned but need to be repeated at least every year and preferably 
oftener. Frequent publicity is needed, especially during seasons of 
high fire danger, since warnings against carelessness with fire seem to 
make temporary rather than permanent impressions. 

Where educational effort is conducted on a personal contact basis 
excellent opportunity is afforded to learn the true viewpoint of the per- 
son interviewed and the underlying reasons for his attitude. Education 
to fit the individual exactly can then be undertaken. Where a larger- 
scale educational program is conducted it becomes more difficult to 
make the information conveyed fit the people to whom it is given. 
Special skill is also needed in correcting wrong ideas even after they are 
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discovered. The importance of speeding up the educational campaign 
by accurately interpreting other people^s viewpoints and recognizing 
the underlying causes and then correcting wrong viewpoints in regard 
to fire is so great as to call for the best scientific advice obtainable. For 
this purpose trained psychologists should prove helpful. 

The Canadian Forestry Association for many years sent lectures and 
exhibits about Canada to carry the message of. forest fire prevention to 
the back-country people of the provinces. Automobiles equipped with 
electric generators and motion picture projectors were used as well as 
a lecture and exhibit car run over some of the railroads. Itineraries 
were planned so that the lecturer seldom traveled more than 25 miles a 
day, but in a season of 5 months he aggregated distances of 50,000 to 
60,000 miles and reached thousands of people each year. This program, 
continued for several years, undoubtedly helped in reducing the number 
of fires. 

In 1928 a similar fire prevention campaign known as the Southern 
Forestry Education Project was sponsored by the American Forestry 
Association. Although this lasted for only 3 years it did much to 
arouse interest in fire prevention in a region where the annual burning 
of the forest is traditional. 

Patrolmen, covering daily a definite territory, by their mere presence 
and by their contacts with the forest users assist in educating the public. 
In thickly settled but forested regions such patrolmen may be employed 
primarily for their educational value and effect on law enforcement, 
although they are also useful in detecting and suppressing fires. 

A fire prevention project using general educational work and patrol- 
men proved very successful in Cape Cod, Massachusetts (Reynolds 
1941). Two patrolmen were employed about 7 months a year during 
a 3-year period to cover an area of about 157,000 acres approximately 
70 per cent wooded. Among other duties, the patrolmen interviewed 
32,440 people. One result of the experiment was that the expenditure 
for educational work, patrolmen, and suppression was 20 per cent less 
than the amount spent for suppression alone in the 3 years preceding 
the experiment. Furthermore, the reduction in loss as expressed in area 
burned over was 80 per cent lower than in the 3 years preceding the 
experiment. 

LAW ENFORCEMENT 

The enforcement of laws dealing with forest fires can be of tremen- 
dous assistance in fire prevention. Sometimes enactment of new laws 
may be found advisable. On the whole most states already have 
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enough laws relating to forest fires. The main trouble is a lack of 
enforcement of the existing ones. One phase of the educational cam- 
paign should be directed toward those who are in control of the 
machinery for law enforcement. Until the prosecuting attorneys have 
been educated to prosecute fire cases actively and the judges have been 
brought into sympathy with the effort to control fires, law enforcement 
will lag. 

After adequate law enforcement is initiated the campaign to secure 
full educational benefit from enforcement should be pushed. Wide 
publicity should be given to instances of prosecution and conviction for 
violation of the fire laws and to the enactment of new laws. News of 
this character will have not only a deterrent effect upon others in 
regard to carelessness with fire but also a general educational value in 
keeping the fire problem before the public. 

If law enforcement is to be successfully used as a means of prevent- 
ing fires there must be painstaking work to prove infractions of the fire 
laws. As a first step, forest officers should be familiar with their local 
fire laws and should know the rules of evidence and the details incident 
to successful prosecution of violators. 

Compiling evidence may involve tracking, finding footprints and 
making casts of them, finding and photographing fingerprints, and 
searching for other clues (Talbott 1946). In connection with man- 
caused fires, particularly incendiary fires, discovery of the man who set 
it is often of equal importance with the immediate suppression of the 
fire. It may be of vital importance to look for clues while the fire is 
still small and before the clues have been destroyed by the firefighters. 
Suggestions for finding clues and gathering evidence are well described 
by Sipe (1946), who has had a lot of experience in convicting incen- ^ 
diaries. He stresses the fact that in almost every case some clues can 
be obtained. These may be in the nature of toolmark clues or prints 
of tires, shoes, or fingers as well as the more customary use of empty 
gun shells or detecting the people who are in the woods. Sipe does 
not think that a man has to be an F.B.I. agent, but he must be gifted 
with good common sense to know what clues to look for and how to 
protect and preserve evidence as well as to interpret what he sees. 

As yet there are not large enough forces of men in the forest to detect 
and prosecute all infractions of the fire laws. Undoubtedly prevention 
would be strengthened by having a special force of men for the purpose 
of discovering and apprehending forest law breakers. It should pay 
in the long run to maintain in certain forest regions a force of men in 
the fire season primarily for law enforcement until people learn that 
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carelessness with fire is expensive for them. Allen (1925) proposed 
this idea years ago at a time when prevention was given relatively little 
consideration, and it has been advocated by Cowan and others (1937, 
p. 167) and is applied by the U. S. Forest Service in some places. 

CLOSURES AND RESTRICTIVE REGULATIONS 

Another measure, partly educational and partly direct preventive 
action, that should be employed is the use of either closures against 
entering forest areas or restrictive regulations of various types for 
entering and using forest areas. Closures, by which is meant the clos- 
ing of a forest area to entrance by visitors, have distinct educational 
value through the publicity resulting from their announcement and 
enforcement. Restrictive regulations make the forest users fire con- 
scious and have a deterrent influence upon carelessness with fire in the 
forest. 

Absolute closure of a forest area to entrance by visitors may be used 
in periods of unusual danger. While enforced, it prevents man-caused 
fires. If complete closure is deemed unnecessary or impracticable reg- 
istration of people entering the forest will serve as a preventive meas- 
ure, The degree of fire danger should determine when such an extreme 
measure as closure of a forest area should be adopted in preference to 
the registration of visitors or to no restrictions other than the usual 
regulations being placed on people entering the forest. Short closures 
of forest areas during periods of high fire danger in the hunting season 
have become a common fire prevention practice in many states. 

Restrictive regulations may include such items as: 

Registration of visitors. 

Checking visitors in and out of restricted areas. 

Prohibition of smoking or its restriction to designated areas. 

Requirement to carry axe, shovel, and water container. 

Temporary shutdown of logging operations. 

Requirement of permits for various activities such as: 

Building camp fires. 

Burning debris. 

Starting fire in the open. 

Sale, discharge, or possession of firearms. 

Operation of various types of engines, such as coal- and wood- 
burning. 

Burning in connection with charcoal kilns, sawmills, etc. 



Prevention of Each Standard Cause 


67 


Restrictions on smoking should be issued, posted in suitable loca- 
tions, and strictly enforced during the fire season. The customary re- 
strictions on smoking prohibit smoking in the forest except at desig- 
nated places. Usually, on national forest lands, smoking if permitted 
at all is allowed: (1) while the smoker is traveling on roads, provided 
matches and tobacco are entirely extinguished before being discarded; 
(2) in camps and at places of human habitation; (3) at any other place 
free from inflammable material, provided the smoker absolutely stops 
traveling while smoking and entirely extinguishes his tobacco before 
resuming travel. 

Permits to build camp fires should be required where visitors are 
allowed to camp in the forest. Sometimes the right to build camp fires 
is included under a general permit allowing the privilege of entering 
and camping in the forest. Another excellent regulation is to require 
all parties intending to enter the forest to be equipped with ax, shovel, 
and water container. 

Permits for burning brush when clearing land or for starting any fire 
in the open during the fire seasons should be universally required as a 
preventive and educational measure. 

In addition to carrying on a general campaign of education and law 
enforcement to secure fire prevention, effective work can be done, after 
a study of the local fire causes has been completed, by specializing in 
each locality on preventing the type of fire there prevalent. For 
example, in an area frequented by campers, efforts should be directed 
toward preventing the start of fires from this source. Fire prevention 
in the final analysis thus becomes an intensive local problem. The 
foundation of general education and law enforcement is essential, but 
it will be the skillful application of fire prevention principles to fit local 
conditions that will spell success. 

A starting point in studying local fire causes is to make risk or fire- 
cause maps showing the location of individual fires attributed to each 
cause. With the aid of such maps, zones of risk occurrence often can 
be located that will prove helpful in planning preventive action. Past 
records showing the dates of occurrence for fires attributable to the 
various causes indicate the probable seasonal occurrence of each fire 
cause. 


PREVENTION OF EACH STANDARD CAUSE 


Each of the seven major preventable fire causes needs special consid- 
eration to determine how it may best be eliminated as a source of fires. 



68 


Fire Prevention 


Railroads 

Railroad fires may largely be prevented through: 

1. Elimination of fuels that cast sparks. 

2. Use of spark-arresting devices on locomotives. 

3. Maintenance of the right-of-way in noninflammable condition. 

Included under railroad fires are not only fires set by sparks and 
cinders escaping from the engines and cars, but also those originating 
from the carelessness of employees and passengers either on trains or 
on the right-of-way. Discarded burning waste, red-hot metal cast off 
from brake shoes, and improperly executed right-of-way burning may 
also set railroad fires. In fact, even fires set by trespassers (usually 
tramps) on the right-of-way are classed as railroad fires. Under these 
circumstances it should be evident that all railroad fires cannot be pre- 
vented by the use of one only of the methods of elimination suggested. 
At least the last method combined with one of the first two will be 
necessary. Each of the three merits consideration. 

Elimination of Fuels That Cast Sparks. Coal and wood have in 
the past been the fuels commonly employed. Wood is now rarely used. 
Both of these fuels produce abundant sparks. Oil is practically a 
sparkless fuel * and gasoline even more so. Electricity as a source of 
power represents the ideal from the fire prevention standpoint. In con- 
sidering a change from the dangerous fuels (wood and coal) to the use 
of oil, gasoline, or electricity the economic factor becomes important. 
The relative availability, suitability, and cost of these different sources 
of power usually will be a determining factor. In many instances it will 
be unwise and impractical to attempt the prevention of railroad fires 
through elimination of fuels which cast sparks. 

A change to electricity or oil means at the best only that fires origi- 
nating from sparks and cinders cast from the engine are prevented. 
Other classes of railroad fires still may start. 

Use of Spark-Arresting Devices on Locomotives. A large share 
of railroad fires originate from sparks ejected from locomotive stacks. 
A railroad locomotive is a power plant of great capacity confined within 

♦Fires are started by oil-burning locomotives. Burning oil may escape from 
beneath the firebox and drip onto the track, and burning soot sometimes emerges 
from the stack. The practice of sanding the flues often results in casting out burn- 
ing material from the stack. Spark arresters may be required on oil-burning 
locomotives. 
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relatively small quarters. In order to develop the required energy the 
fires must be burned under forced draft of high intensity. This results 
in carrying forward a portion of the burning fuel from the firebox to 
the front end of the locomotive and thence out the smokestack. 

Unless preventive measures were taken, the progress of a coal-burn- 
ing locomotive would be accompanied by a continuous ejection of hot 
fragments of fuel. This can be controlled by maintaining spark ar- 
resters in the smokebox or smokestack of the locomotive. Although 
hundreds of different spark arresters have been devised, employing 
various principles, most of them rely for their success upon one or both 
of two devices. Either metal screens or perforated metal plates with 
holes of such a small size that dangerous sparks cannot escape are 
provided or else the sparks and gases are forced by means of obstruc- 
tions to follow an abruptly winding path in their passage through the 
smokebox and out the smokestack. The latter device results in the 
sparks becoming so beaten into small pieces as to be harmless when 
ejected. 

Any reduction in the open area in the smokebox or smokestack 
caused by spark arresters tends to reduce the draft; on the other hand, 
any large opening may allow fire-bearing sparks to escape. A com- 
promise must be arranged between these opposing factors in order to 
maintain the necessary strong draft and at the same time keep the 
ejected sparks below a given maximum size. In general, if the escape 
of dangerous sparks is to be prevented, the openings must not be 
larger than ^ inch square, or (where perforated metal plates are used) 
34 inch by 1% inches in size. Sparks 34 inch or less in size lose their 
heat quickly and when they reach the ground have temperatures too 
low to start a fire. 

Wallace (1923) advises Draftac netting for screens with openings 
inch by % inch and with strands of wire 0.135 inch in diameter. 
This netting prevents the passage of sparks larger than %6 inch in 
diameter, furnishes good draft area, and possesses strength and dura- 
bility. 

Spark arresters are effective in preventing the escape of dangerous 
sparks, and consequently the start of forest fires, only when they are 
maintained in perfect condition. Owing to the hard wear to which 
they are subjected and to the likelihood of their warping under the 
heat, spark arresters easily become defective. The best practice re- 
quires a careful inspection at least once each week. In dangerous 
seasons daily inspection may be required. 
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Even when in perfect condition, spark arresters can prevent only 
those railroad fires which originate from locomotive sparks. Live coals 
frequently fall out of the ashpans and may roll off the track and set 
fire on the right-of-way. For this reason it is necessary that all ashpan 
doors be tight fitting and stay closed while the engine is moving and 
that there be no openings or holes in the ashpan unprotected by screens 
from which coals might drop. 

Smoking-car windows should be screened to prevent passengers 
throwing out lighted matches or burning tobacco. 

Maintenance of the Right-of-Way in Noninflammable Condition. 
Even if one or the other of the two suggested measures for preventing 
railroad fires is employed, the causes of railroad fires from other than 
locomotive sparks and live coals may still start forest fires. Most of 
such fires originate on or close to the track. Their number can be 
reduced, provided the right-of-way for 50 to 100 feet on each side of 
the track is kept free of inflammable material. Methods of clearing 
and maintaining in proper condition a clean right-of-way will be dis- 
cussed later under ^Tirebreaks,^^ Chapter 8. 

A properly cleared right-of-way assists also in preventing fire start- 
ing from live sparks cast by locomotives with defective spark arresters. 
The investigations of Goss (1907) and Wallace (1923) indicate that 
practically all sparks of fire-bearing size fall to the ground within a 
zone not more than 100 feet in width bordering the track. Fire-bearing 
sparks falling on a' properly maintained right-of-way are not likely to 
set a forest fire. 

Clearing railroad rights-of-way illustrates the fact that reduction of 
inflammable fuel can be carried to the point where it actually serves as 
a preventive measure to the start of forest fires. It is practicable in 
many parts of the country either by burning over or by cultivation to 
keep railroad rights-of-way in such a noninflammable condition that 
fires cannot start on them. 


Camp Fires 

Education and law enforcement are effective means of reducing this 
class of fire. In addition, special measures may be employed, such as 
requiring permits to build camp fires or to enter forest areas, registra- 
tion on entering the forest, closure of forest areas during dangerous 
seasons, suspension of the hunting season, and required use of prepared 
camp sites. Since most of the people responsible for camp fires enter 
the forested region on traveled routes, either roads, trails, or streams, 
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they can frequently be reached through personal contact. The known 
presence in the territory of a patrolman or forest ranger does much to 
prevent campers' fires. Camp grounds should be kept so free of in- 
flammable materials that fires cannot start. 

Smoker 

Fires from this cause are more difficult to prevent than those set by 
campers because all classes of people may be responsible for smoker 
fires whereas camp fires originate only with the relatively restricted 
class of people who camp in the forest. Smoking may be prohibited in 
the woods during the fire season. Such a regulation if enforcible would 
eliminate smoker fires except those originating beside the highways 
that pass through the forest. A still more severe restriction would be 
to close the forest areas entirely and keep all people but members of 
the forest organization out of the forest during critical periods. 

In forests where visitors must register on entering, the required sign- 
ing of a clause under which the visitor agrees to pay the cost of extin- 
guishing any fire set by him and to pay for any damage done would 
have an excellent educational effect. The discarding of burning 
matches and tobacco can also be prohibited particularly from moving 
vehicles and in areas of inflammable fuel. 

Fires set by smokers have proved to be one of the most difficult 
classes to prevent. Indeed only through educational efforts and law 
enforcement constantly continued over many years can satisfactory 
results in prevention of smoker fires be hoped for. They are likely 
always to remain one of the chief causes of fires. 

Debris Burning 

The most effective measure for preventing debris-burning fires is the 
permit system, now quite generally used. Under this method, permits 
for burning brush must be secured from designated officials, preferably 
fire wardens acting under the direction of the state forestry depart- 
ment. This has the effect of making the brush burner careful not to 
allow his brush fire to get out of control. To be most effective the 
permits should allow burning to be done only during certain hours of 
the day (not later than 10 a.m. or not before 4 p.m.), should specify 
the period the permit is valid (the fire season excluded) , and should be 
revokable whenever conditions become dangerous. Enforcement of the 
law against those who burn brush without a permit is needed in order 
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to make the plan a success. Virginia has found airplane patrol to be 
effective as a preventive measure against debris burners (Garth 1947). 
Messages are dropped from the plane beside men found burning brush 
in violation of the law. The knowledge that they could be watched 
from the air undoubtedly reacts to make brush burners more careful. 

Incendiary 

Educational efforts directed to showing specifically why fires are 
harmful to the interests of each individual incendiary should cause a 
reduction of fires, particularly when the incendiarism is not of the 
malicious type. Education by means of personal interviews, either with 
the people setting the fires or with friends who may influence them, 
should prove worth while. So far as possible remove the incentives 
which lead individuals to set fires. For example, where incendiary 
fires are set to obtain employment, arrange to have regular crews 
handle all the firefighting and do not hire other men for the purpose. 
The controlled use of fire under expert supervision for specific purposes 
may accomplish the results wanted by men now setting incendiary fires 
and avoid the serious incendiary fires. 

The problem of incendiary fires set by people who believe they 
benefit from fires will never be satisfactorily resolved until communi- 
ties reach substantial agreement as to the best use of the land. Fre- 
quently it is a question of the livestock industry versus forest crop 
production. An illustration of this is the situation throughout the coast 
region of northern California and Oregon, where the ranchers start in- 
cendiary fires to kill brush, reproduction, and second growth timber 
for the purpose of improving the grazing. The land is exceedingly pro- 
ductive for growing redwood and other conifers, but can be turned into 
grazing land of not too high quality. At present, grazing seems to the 
natives better paying; but, for long-time economy, timber undoubtedly 
is more profitable. A decision as to which tracts of land to put into 
pasture lands and which to keep in timber for best community interest 
must be made and accepted by the local people before substantial re- 
duction of incendiary fires becomes possible. 

The definite allocation of land units to use either for livestock pro- 
duction or for forest production with controlled use of fire on the 
former areas and exclusion of fire on the latter areas should reduce 
incendiarism (Ferguson 1937) . 

Against men actuated by malice rather than by belief that fire 
benefits them directly it is necessary to resort to law enforcement. 
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Law enforcement with convictions of guilty parties is essential to re- 
duce substantially the number of incendiary fires in most parts of the 
country. Securing convictions is a difficult task as most evidence is 
circumstantial. The sentiment of the community must be against set- 
ting of fires before conviction for incendiarism becomes easy. 

A good account of building up the prosecution against three incen- 
diary fire setters, showing the difficulty of actually obtaining convic- 
tions, is given by Huber (1947). 

Lumbering 

The lumbering fires which start from engines either stationary or 
moving can be prevented by measures similar to those suggested for 
railroad fires. 

The other fires which are likely to originate, in the areas being logged, 
from the carelessness of employees may be reduced in number through 
educational effort and through enforcement both of state laws and 
special regulations adopted by the organization concerned. 

A preventive measure sometimes employed in localities of great fire 
hazard is to shut down the logging operation during the most dangerous 
portion of the day or season (Joy et al. 1942). In the Douglas-fir 
region of western Oregon and Washington strong support has been 
given this policy by the action of the insurance companies insuring 
felled timber and logging equipment in establishing a “humidity war- 
rant^’ which requires the suspension of logging operations when the 
relative humidity is below 30 per cent. 

A further advance toward the prevention of lumbering fires has been 
taken by the State of Oregon. This state now enforces a logging 
operator's permit law which makes it necessary to have a permit for 
carrying on any woods operation west of the Cascades during the fire 
season (Ferguson 1936, pp. 20-22). Under this law the state forester 
can suspend permits to operate during periods of high fire danger. 
Operators must meet certain requirements designed to prevent the start 
of forest fires. The State of Washington has a somewhat similar law. 

Miscellaneous 

Fires from miscellaneous sources are in general due to human care- 
lessness. They can best be reduced by education and law enforcement. 
Although forest fires due to spontaneous combustion are usually con- 
sidered unprevent able, yet something might be done toward prevent- 
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ing the development of conditions likely to result in fires of this origin. 
For example, forest fires have been reported as started by heat concen- 
trated on inflammable fuels through the medium of pieces of broken 
glass bottles left in the woods. 
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CHAPTER 


Presuppression Activities in Fire Control: 

Detection 

WHAT PRESUPPRESSION INCLUDES 

It must be anticipated that, no matter how carefully conceived and 
well executed are the plans for prevention, still man-caused fires will 
start. In addition there are the fires from natural causes, principally 
lightning, which cannot be prevented. Preparations must be made to 
control all these fires. Consideration of the lines of work included 
under such preparations is the purpose of this chapter. The term pre- 
suppression activities is appropriate since the stage of preparedness 
must be attained before the necessity for fire suppression arises. 

Just as in cities so also in the forest, the results are likely to be dis- 
astrous if, prior to the origin of the fires, inadequate thought has been 
given to the subject and insufficient preparations made for fighting 
fires. Quick, competent action is the key to efficient fire suppression. 
This can be attained only as a result of systematic preparations made 
before the fire breaks out. Experience shows that it is cheaper to pay 
for systematic preparedness than to meet the tremendous fire losses and 
suppression costs which otherwise result. 

Presuppression activities must cover all phases of the fire suppres- 
sion problem. They are here classified and discussed under the fol- 
lowing headings: 

Detection of fires. 

Communication system. 

Transportation system. 

Firebreaks. 

Equipment. 
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Personnel. 

Fuel reduction and fuel mapping. 

Fire-danger rating. 

Fire-control policy and objectives. 

Although for the purpose of this discussion each of these subjects is 
treated separately yet all are interrelated in practical application so 
that what is done along one line often is contingent upon the action 
taken in other phases of presuppression. 

Before presuppression activities can be planned intelligently it is 
advisable that the facts in reference to risks, fuels, and other elements 
of fire danger be known. In the past and even today on many tracts 
information on such matters as fire causes, fire occurrence, and amount 
and kind of fuel is vague and generalized rather than secured from 
careful records of fire history and accurate surveys of present con- 
ditions. 

Definite information as to fire causes, fire occurrence, and fuel type 
leads ultimately to a careful appraisal of the fire danger and a rating 
of the relative fire danger in the various portions of the territory which 
assists in planning presuppression activities to fit local requirements. 
Where fire control has not been carried on systematically for a long 
enough period to acquire this information, then presuppression activi- 
ties have to be organized without an adequate basis and may require 
change as time passes. 

DETECTION OF FIRES 

If the area burned over is to be kept small by prompt suppression 
action, it is essential that forest fires be discovered soon after they 
originate. Detection of fires should not be left to chance, with the 
possibility that a fire may burn several hours before being discovered. 
In many cases detection within 15 minutes after the start of the fire 
is necessary for effective fire control (Show and Kotok 1937, p. 2). 

The need of systematic arrangements for detecting fires on all areas 
under organized fire protection is universally recognized. In most 
large organizations the detection of fires has become a specialized func- 
tion handled by men whose primary duty it is to discover, locate, and 
report promptly all forest fires. This does not mean that fires may not 
be discovered and reported by other people, but in the main the men 
charged with this special duty do detect and report a large percentage 
of the fires originating in a territory so protected. In settled sections 
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of the country, and particularly where the houses are located on the 
higher ground rather than in deep valleys, many forest fires are discov- 
ered by the local inhabitants. If these people are themselves forest 
landowners their own interest is a stimulating factor in obtaining 
prompt detection and report of forest fires. 

When the forest area occurs in small blocks interspersed by numerous 
habitations it is possible that the local inhabitants will see and report 
all fires soon after they start and thus obviate the necessity for special 
forest fire detectors. The situation would then be analogous to that in 
towns and cities where voluntary detection and report is relied upon. 
On only a small proportion of the forest area can adequate protection 
be secured in this way. 

In regions where the local population is in sympathy with the fire 
control program the people may be very helpful in reporting fires, 
whereas when the reverse is true the population may be harmful by 
setting rather than reporting fires. 

The Lookout System 

The system known as the “lookout system,” now extensively em- 
ployed in practically all forest regions for the detection of fires, con- 
sists in the selection of observation or lookout points distributed over 
the area to be protected. An observer or “tower man” is stationed dur- 
ing all or part of the fire season at each lookout point. The lookout 
system can be advantageously employed in all types of country. It is 
used in level sections and in mountainous regions. Much of the infor- 
mation in this chapter concerning lookouts is taken from “The Lookout 
System” by Osborne, Cowan, and Hersey (1947) where the subject is 
covered in more detail than can be afforded in this book. 

Primary lookout stations are those at which an observer is kept 
permanently throughout the fire season for the purpose of detecting, 
locating, and reporting fires. Secondary stations are points, supple- 
menting the primary stations, occupied occasionally for short periods 
in the most critical times. Observers on secondary stations will fre- 
quently function as firemen as well as detectors and will have the addi- 
tional duty of going to the fires discovered in their territory. 

When the system is properly developed, a network of lookout points 
is established with the stations so located as to cover directly as much 
as possible of the whole area. In theory every portion of the area 
should be in view from at least one station and preferably from two or 
three. Over flat regions the lookout points may be quite uniformly 
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distributed and practically complete coverage obtained. In moun- 
tainous country this is impossible without incurring undue expense. It 
was found in the northern Rocky Mountain region (Hornby 1936, p. 
79) that to see 100 per cent of the area would require 500 stations per 
million acres or an average coverage of 2000 acres per station and 
would involve a great deal of overlapping of the seen areas. To secure 
65 to 80 per cent coverage in that region would require only 50 detectors 
per million acres having an average coverage of 20,000 acres apiece. 

Points must be carefully selected in mountainous regions on the 
basis of the character and extent of the view from each station, ap- 
praised in relation with those from adjoining points, and considered 
in reference to the portions of the area which need to be most closely 
watched because of frequent fire occurrence or dangerous accumula- 
tions of fuel. Seen-area maps may be prepared, based upon either 
field sketching, the profiling method, or the relief model method (Show 
et al. 1937, pp. 5-9, 18), showing the areas seen directly from given 
stations, to assist in deciding upon the locations for a network of look- 
out points. It is important that the lookout network be arranged so 
that no large unseen areas exist unless they be in places where fire 
danger is low. 

The number of stations needed to cover a given region depends upon 
atmospheric conditions, which may assist or hinder visibility, upon 
the fire risk, upon the topography and the complexity of the land sur- 
face either presenting or favoring views of large areas surrounding the 
lookout points, and upon the relative height of the lookout points with 
reference to surrounding country. 

Experience in fire detection shows that satisfactory discovery of 
fires cannot be counted upon for distances greater than 15 miles and 
then only under favorable conditions of visibility. In most parts of 
the country a 6- to 10-mile coverage around a primary lookout station 
is a better maximum. 

In planning the location of lookout stations Brown (1935) and Show 
et al. (1937) indicate that the risk factor (frequency of fire occurrence) 
is the primary one upon which to judge the relative desirability be- 
tween proposed lookout points. In applying this criterion, seen-area 
maps are prepared for each lookout point and used in conjunction 
with maps of past fire occurrence to establish a figure of expectancy 
as to the number of fires likely to be seen from each proposed lookout 
point. The point with the highest expectancy rating is the first selec- 
tion in a given region. Then starting from the first point an expanding 
network of stations is picked to give reasonably complete coverage 
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with the least number of stations. This method is practicable only 
after the years of past fire history have been recorded and fire occur- 
rence is known in detail. In first organizing protection the use of seen- 
area maps (which are quickly made) must be relied upon chiefly, to- 
gether with general knowledge of the principal risk and hazard areas. 

In Region 2 of the U. S. Forest Service where the need for a com- 
plete lookout network of primary stations is not so clearly defined as 
in some other parts of the country, Brown and Lobdell (1938) advised 
using fuel-type maps, fire-occurrence maps, and fire-danger maps in 
combination to obtain ratings of the possible locations for establishing 
the primary lookout stations needed. 

The efficiency of a lookout observer in discovering fires on the area 
directly seen from the station changes with visibility conditions. When 
the air becomes loaded with dust particles or smoke from burning fires 
closes in, the visibility distance from the lookout station is shortened. 
Since primary lookout stations are likely to be located on the basis of 
good visibility conditions it becomes necessary to reinforce the primary 
network with secondary lookout stations which can be occupied when 
the atmosphere is hazy and therefore poor visibility prevails. Effec- 
tive location of these secondary stations requires a knowledge of the 
distances, under specified conditions of visibility, at which small col- 
umns of smoke such as are made when forest fires start can be seen. 

McArdle (1936) in studying visibility factors in the Pacific North- 
west found a range of 3% to 15 miles as the distance at which small 
smokes could be seen depending on amount of haze in the atmosphere. 
He advised a primary lookout station network based on a 15-mile 
radius of visibility and a secondary system of stations with an 8-mile 
radius of visibility inside the primary system. A fact brought out in 
this study is that a person can see smoke farthest when looking into 
a low sun and against dark-colored backgrounds. Bruce (1944) in- 
vestigated smoke visibility in California and claims that previous 
studies of visibility distance have failed to stress sufficiently the varia- 
tion due to the background. He distinguishes between light, dark, and 
mottled backgrounds. Where mottled or light-colored backgrounds 
are common, lookout stations will have to be much closer together than 
where a uniform dark color forms the background. He also shows the 
importance to visibility distance of the angle from the observer’s eye 
to the smoke and to the sun. A small angle, with the sun practically 
back of the smoke, gives longer visibility distances than when the sun 
is back of the observer. He considers backgrounds important in lo- 
cating lookout stations. In checking performance of lookout personnel 
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this subject must be given consideration, as the correct visibility dis- 
tance to which a smoke can be seen depends upon background and sun 
angles. 

Jemison (1940) reports the average visibility during fire weather for 
eastern national forests to range from 5 to 11 miles. Smoke from homes 
and factories accounts for the larger part of the atmospheric haze. He 
bases his measurement of visibility on smokes of %-acre size, rather 
than on the “standard’^ test smoke bomb or smoke candle (designed 
to simulate the smoke from a small fire 12 by 12 feet) listed in the 
Fire-Control Equipment Handbook j since with the light fast-fire- 
spreading fuels in the East the average fire reaches this size within 
the 15 minutes allowed for detection time. 

Morris (1947) summarizes the principles governing smoke visibility 
and emphasizes the importance of understanding the factors which 
affect it particularly where expensive aerial patrol is employed for 
detection. In this case the course flown may be so arranged as to 
render smoke in certain places more easily seen. 

In order to know when secondary lookout stations should be occu- 
pied, continuous knowledge of current visibility conditions is required 
during the fire season. This information can best be secured by tak- 
ing readings with a visibility or haze meter especially designed for 
the purpose (Byram and Jemison 1948). As defined in the Fire-Con- 
trol Equipment Handbook the haze meter “measures the optical density 
of the atmosphere and expresses the measurement in distance at which 
a ^standard^ smoke can be seen. The ^standard' smoke is the amount 
that would emanate on a hot, midsummer afternoon from a fire 10 by 
20 feet in Douglas-fir or ponderosa pine duff in Oregon or Washington 
or a fire 12 by 12 feet in hardwood leaf litter under dry conditions in 
the East’^ (Anonymous 1946, pp. A-11 to A-12). 

For western Montana and northern Idaho, Hornby (1936, p. 60) 
advised that a 6-, 8-, or 15-mile radius of vision distance be secured 
by manning the appropriate lookout stations depending upon whether 
the burning conditions are of maximum, average, or minimum severity. 
With a 6-mile radius of vision an observer covers approximately 70,000 
acres. 

Most of the eastern as well as the western states have good lookout 
systems. 

Massachusetts maintains 50 well-equipped lookout towers, covering 
the entire state. Since the land area is more than 5,000,000 acres the 
average area covered by a lookout station is approximately 100,000 
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acres of wooded, urban, and open areas. This means that the average 
maximum radius of territory covered by a single station is about 7 
miles. Very little if any of the wooded area of the state is farther than 
10 miles from a primary lookout station. 

There are 137 forest fire observation stations in Pennsylvania con- 
centrated in approximately two-thirds of the state. Each station must 
overlook on the average about 135,000 acres. 

Equipment of Lookout Stations. When the lookout system was 
first used, little effort was made to improve the natural conditions on 
the lookout point. A bare summit or a tall tree climbed by a rude 
ladder of spikes was the extent of the facilities available for the ob- 
server. Today this is considered inadequate for the primary lookout 
station where an observer remains throughout the fire season. The 
observer, to function with highest eflBciency, must be housed close by 
his work, be provided with protection against the elements while on 
the lookout point, and be given special equipment for accurately lo- 
cating and reporting fires. 

The finest type of lookout station consists of a small one-room build- 
ing with unobstructed view through windows on all four sides. The 
building may be located on the ground if a bare peak is utilized as the 
observation point. Usually enough such sites cannot be found, and 
timbered hills, flat country, or relatively low bare hills must be used. 
The lookout room should then be elevated above the ground to a height 
sufficient to command the required view. For this purpose a steel 
windmill tower with a specially designed glassed-in room at the top 
is commonly employed. Frequently towers 100 or more feet high are 
needed. 

The observer should if possible live in the lookout room. It is less 
advantageous to have him quartered near by in a less windy location. 
Where the stations are on high mountains the necessary water supply 
for the observer frequently presents a problem. 

A telephone line or some other reliable method of communication 
connecting the lookout station with the firefighting organization is 
essential for reporting fires. The observer must not only detect the 
fires promptly as they start but also report accurately the location of 
the fire. Special equipment for locating fires should be provided in 
the lookout room. The best available map of the country surrounding 
the lookout station should be provided and permanently mounted, 
properly oriented, on a table in the center of the lookout room. A topo- 
graphic map is preferable since it may assist in locating the fire on 
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the map. In order to assist in determining the direction and distance 
to the fire an alidade or similar equipment is required. The best- 
equipped stations are provided with an instrument known as the 
Osborne fire finder (Osborne, Cowan, and Hersey 1947) which enables 
the observer to read with precision both horizontal and vertical angles 
to the fire and, if a good map is available, to determine immediately 
the location and size of the fire. Vertical angle readings are of most 
value in locating a fire in regions where definite landmarks are lacking, 
the timber canopy is continuous, and cross readings from other lookout 
stations cannot be obtained. Less expensive instruments than the 
Osborne fire finder are available, some of which are listed in the Fire- 
Control Equipment Handbook (Anonymous 1946, pp. B-1 to B-5). 

In general an observer thoroughly familiar with the country can 
locate many fires simply by ocular means without the use of instru- 
ments. Where more than one lookout station covers a particular terri- 
tory the compass direction may be reported from each station and 
these lines plotted on a map. The intersection of the lines gives the 
location of the fire. A well-trained observer if equipped with a good 
map and an Osborne fire finder should report the locations of the fires 
accurately within a relatively few feet. The accuracy of location 
should be better when two or three stations participate in fixing the 
point. 

The observer on a lookout station is usually only one of a group of 
lookouts reporting to someone at headquarters as fires are discovered. 
The latter may be the ranger, fire warden, or other officers. Where 
business warrants it, as on a national forest dealing with many fires, 
a special man, the fire dispatcher, may be assigned to the job of re- 
ceiving reports from lookouts, determining the exact location of the 
fires from one or more reports on each fire, and finally dispatching 
the required crew to suppress the fires. 

The dispatcher in locating the fires may employ several methods. 
Osborne, Cowan, and Hersey (1947, pp. 56-70) describe five methods 
listed as follows: 

1. By delineation of sight or plane table method. This can be em- 
ployed on fires sighted from only one station. It is done by the look- 
out observer as he looks along his line of sight to the fire, who, by 
observing the topography in relation to the smoke, fixes the spot on 
the map. 

2. By plotting the intersection of horizontal angles from two or more 
lookouts. This is done graphically in most cases, though it can be 
done more precisely trigonometrically. 
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3. By plotting the intersection of vertical angle with profile. Simply 
stated, the line of sight on the fire is projected at the determined verti- 
cal angle until it enters the ground on the plotted profile. This point 
is the location of the fire. 

4. By location with the panoramic profile method. This is usable 
only with the older models of Osborne fire finders. 

5. By the photo survey method. An important development for 
improving the technique of fire detection is the use of graduated photo- 
graphs taken from each lookout station with a specially designed 
photo-recording transit (Anonymous, 1946, pp. E-1 to E-3). The fire 
dispatcher equipped with a set of pictures obtained with this camera, 
on receiving from a lookout observer notice of a fire reported by 
azimuth and vertical angle, gets out the right picture and is able to 
locate the fire accurately and obtain from the picture a great deal of 
information helpful in suppression of the fire. 

A special fire dispatcher's desk has been developed in Region 1 of 
the U. S. Forest Service. The main features of the desk are a set of 
mounted aerial photographs and a stereoscope under which the pic- 
tures can be studied (Anonymous 1946, pp. C-2 to C-3). The pic- 
tures have section lines superimposed and give a fine relief picture of 
the topography. They are exceedingly useful, particularly in rough 
topography, for locating fires and indicating the type of country in 
which the fire is burning, as well as for other fire business. 

Smoked glasses to reduce the amount of light entering the observer’s 
eye will prove helpful. McArdle and Byram (1936) developed specifi- 
cations for the type of sun glasses or goggles which would give the ob- 
servers the best protection for their eyes and at the same time not 
decrease efficiency in seeing smoke. 

Binoculars do not help appreciably in detecting the fire. After the 
fire is found they enable closer inspection of the spot and may assist 
the observer to separate real smoke from something that looks like it 
and to give more details of location in reporting. A new process de- 
veloped during the war enables the efficiency of binoculars to be in- 
creased by coating the optical lenses and prisms with a metallic film 
of magnesium fluoride (Reichert 1946). The job has to be very skill- 
fully done in order to be efficient. It should pay for itself many times 
over in the course of a season because of the general improvement and 
correctness of the observer’s reports and reduction of false alarms. 
The coating gives increased transmission of light and reduction of glare 
as its two chief advantages. 
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A reliable alarm clock for insuring concentrated survey of specific 
areas at prescribed times is advised. The observer should have a stool 
with glass insulator legs to sit upon when phoning during lightning 
storms. A good mirror mounted on a telescoping tripod will be found 
useful in triangulating between lookout stations. A set of panoramic 
pictures with the topographic features named of the territory surround- 
ing the station or aerial photographs are helpful to the observer par- 
ticularly when new to the territory. 

The observer should be on duty from daylight to dark on days when 
fires can burn. He may even have to look his territory over at inter- 
vals in the night during critical periods and possibly may need to be 
regularly on duty at night. Many fires start at night in some parts 
of the country and if not discovered until morning may gain dangerous 
size. Where this possibility exists, night observation is essential. 
When climatic conditions make fires impossible the observer may be 
detailed temporarily to other work near his station. 

Service as a primary lookout observer is exacting work and requires 
first of all good eyesight and conscientious devotion to duty. Byram 
(1940) has suggested a method of testing the eyesight of lookout men. 
The best plan to secure constant vigilance on the part of the lookout 
is to require reading every 15 minutes or so selected visibility targets 
uniformly scattered around his range of vision. This routine inspec- 
tion is standard practice at many lookout stations on western national 
forests. 

Lookout stations located on accessible points are of assistance in 
the education campaign for fire prevention.. Some of these stations 
are visited each year by hundreds of people who thereby gain new 
impressions of the forest fire problem. 

Even after a fire has been accurately located on the map by the 
lookout or dispatcher it may not be easy for the firefighter to find the 
fire. In most parts of the country finding the fire is a simple matter 
once its exact location is reported. But in dense timber it may be 
impossible for the firefighter to see the fire even when he is close to it. 
This is particularly true of the slow-burning smoldering type of fires 
often characteristic of small fires in dense timber. The smokechaser 
sent out to such fires often needs compass, map, and protractor, with 
detailed information from the dispatcher as to the exact location of 
the fire. Methods of finding fires in the field are described in detail in 
the Fire Control Handbook, Region 6 (Anonymous 1945, pp. II-8-28 
to II-8-36). 
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The Value of Patrol in Discovering Fires 

The lookout system has replaced to a great extent ground patrol over 
designated routes for the detection of fires. It has not, however, en- 
tirely replaced patrol for this purpose. There are special situations 
where ground patrol is still effective in discovering fires which start 
thickly concentrated in well-defined zones. Instances of this sort may 
be found along railroad lines or traveled routes through forested areas, 
and on some logging operation^ 

In mountainous country where deep valleys and canyons occur the 
primary lookouts if placed on the relatively high peaks often cannot 
see the lower slopes and valley bottoms. Since travel is likely to fol- 
low the valleys and create a high fire-risk zone, patrol is frequently 
needed to cover these areas unseen by the lookouts. 

Patrol should make use of all the vantage points along its route for 
the purpose of obtaining the widest views possible over the territory 
covered to discover fires which start back from the patrol route. When 
the lookout network is expanded in periods of high danger and poor 
visibility, the secondary lookout stations are manned by lookout fire- 
men whose duty is to detect the fires in their immediate territory and 
go to fight them. These men may stay on a given secondary lookout 
position until a fire is discovered or they may cover a route over several 
lookout points with the maximum of a few minutes^ travel time between 
points. 

In regions where the topography is very complex and the valleys 
deeply cut as in parts of northern Idaho and western Montana many 
lookout points may be needed to cover the area adequately. Under 
such conditions the system of lookout firemen, combining the two 
functions of detection and suppression, is likely to prove more effective 
than fewer full-time lookout observers and a separate force of fire- 
fighters. 

These lookout points do not need special equipment except that 
means of communication should be available to the patrolman for 
reporting the discovery of a fire or for receiving information in refer- 
ence to some fire near his route which may have been detected by other 
methods. Usually telephones are not available for the purpose unless 
the patrol route happens to follow or cross existing telephone lines. 
The portable radio furnishes the most effective means of communi- 
cation for the patrolmen. 

Patrol would be an expensive method of discovering fires if the 
patrolmen were employed solely for this purpose. Fortunately ground 
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patrol has other, more important functions than solely the detection 
of fires and will be employed primarily to assist in education, law en- 
forcement, and fire suppression even though not needed in detection. 

Ground patrol may employ any mode of conveyance — canoe, motor 
boat, horse, motor cycle, automobile, or foot. The tendency is toward 
motorized patrol. 

In some states (Idaho, Kentucky, Oregon, and West Virginia are 
examples) ground patrol is compulsory for forest landowners, although 
detection is not the main function of ^uch patrol. Other states have 
laws making patrol along railroad lines compulsory under certain cir- 
cumstances. 

Aerial Patrol in Fire Detection 

Aerial patrol was early tried in fire detection but until recently was 
considered less effective for this purpose than the lookout system. It 
was considered improbable that aerial patrol would ever replace the 
lookout system for discovering fires because of its high cost and lack 
of continuous view' over the territory. Rarely if ever could it be 
justified for detection alone, on account of the cost; although in periods 
of high danger when smoke obscured the view from lookout stations 
special trips by aerial patrol to hidden areas, or specific tracts re- 
cently exposed to severe lightning storms, might be of value in detect- 
ing fires. Since the aerial patrol can fly directly above the smoke and 
haze and see down through it, fires hidden from the lookout observer 
may be detected. Greater use of aircraft for fire detection is now 
being advocated. The next few years are likely to see changes in the 
relative position of lookout stations and aerial patrol for detection 
purposes. Two opposing viewpoints are cited in the following para- 
graphs. 

The comparative value for fire detection of ground patrol, aerial 
patrol, and the lookout system, for the Pacific Northwest at least, is 
discussed by Osborne, Cowan, and Hersey (1947, pp. 1-2). They 
believe the lookout system will remain the main reliance for detection 
because of its economy and success in early discovery of widely scat- 
tered fires. Ground patrol because it requires a high cost for the 
acreage protected is useful on high risk areas along railroads, high- 
ways, and on logging operations. Their opinion is that aerial patrol 
should be used only to supplement rather than to take the place of 
lookout stations. 

Different conclusions were reached by Hand and Harris (1947) in 
a trial of aerial detection started on 2,000,000 acres of forest in Re- 
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gion 1, U. S. Forest Service. These authors believe that aerial detec- 
tion has been retarded in its development by prejudices against the 
rather ineffective use in the past of air patrol. This study made a 
comparison between costs of detection by the lookout system and by 
planes which were flown on a schedule to give the same frequency of 
inspection as obtained by lookouts. The unit cost of the plane ranged 
from $20 to $40 per hour whereas the present cost of lookouts is about 
$16 per man-day for salary, subsistence, and prorated overhead. The 
results of the tests indicate that the ground system is cheaper up to a 
52 per cent coverage; from that up to 73 per cent coverage costs are 
approximately the same; whereas, if more than 73 per cent coverage 
is to be secured, the planes will give cheaper service. The logical con- 
clusion is that the most efficient system will be obtained by a combina- 
tion of ground service and planes. Probably the planes will give better 
flexibility for covering critical situations with a greater intensity than 
could be obtained cheaply from the ground system. They will also 
save a good part of the large investment in servicing the stations 
which are required by a ground system. Bosworth (1944) earlier had 
called attention to the savings possible through elimination of im- 
provements and lessened maintenance. 
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CHAPTER 


Presuppression: Communication, Trans- 
portation, and Firebreaks 

COMMUNICATION SYSTEM 

In all branches of fire control a reliable communication system is 
essential. Without rapid communication prompt discovery of fires is 
of no avail as the information cannot be passed on quickly to the fire- 
fighting organization. The lookout stations must be connected with 
the men who are responsible for fire suppression. They, in turn, must 
be able to communicate with other parts of the forest and be connected 
through the commercial lines with the outside world. 

From the standpoint of fire protection alone, entirely aside from its 
other numerous and essential uses, a good communication system can 
be justified. As a matter of fact, a communication system is needed 
in practically all lines of forest activity and hence should not be viewed 
as an investment solely for fire control. Today the telephone is used 
as the principal vehicle of communication. In settled regions the 
regular commercial lines are often adequate; but in the more heavily 
wooded sections of the country, as yet not intensively developed for 
timber sales or other productive use of forest resources, existing lines 
must be supplemented by the construction of all or a portion of the 
line needed in forest protection and administration. 

Telephone construction in the forest can be of a simple, relatively 
inexpensive character and can be installed and maintained by the 
forest organization (Allen and Simson, undated). 

As the volume of forest business increases the tendency is toward a 
better-constructed telephone system, often changing on the lines hav- 

89 
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ing greatest use from the grounded line to the metallic circuit (Brown 
and Funke 1936) . 

The radio is used as a means of communication in forest fire control, 
and its employment for this purpose is increasing. It is not expected 
to replace the telephone entirely but there are situations where radio 
gives a more flexible service and will prove less expensive than the 
telephone. 

Where a close network of commercial telephone lines already exists, 
there will be little need of using the radio for ground communication, 
although even in some of the better-settled portions of the country the 
investment may be worth while. If communication between airplanes 
and ground stations is desired, the radio is likely to prove invaluable 
even in regions well covered by telephone lines. In inaccessible re- 
gions where travel is difficult and where even inexpensive forest tele- 
phone lines have not been constructed the radio may be the sole 
method of quick communication between the various members of the 
fire-control organization in the field and at headquarters. 

Direct communication by radio between an airplane observer and 
the man on the ground in charge of the fire can improve the work of 
suppression on large fires, which are too big to be seen by the man on 
the ground at all points simultaneously. 

The radio is especially valuable for firemen and others in the forest 
when not close to a telephone line. They can carry a portable set and 
from wherever they , may be communicate directly with headquarters. 

Probably the ideal method of communication for forest protection 
is to have a telephone network extending over the forest and to have 
this supplemented by radio for men working away from the telephone 
lines and for communication between air and ground. 

The development of radio into a means of communication practical 
for forest use has been accomplished by the U. S. Forest Service which 
already has designed a variety of models adapted to the several needs 
of the fire control organization (Anonymous 1946). 

However, not all the difficulties in obtaining satisfactory use of radio 
under forest conditions have as yet been overcome. Further improve- 
ments may be expected. 

TRANSPORTATION SYSTEM 

Once notified that a fire is burning, the firefighters try to arrive on 
the scene while the fire is still small and easily controlled. Adequate 
transportation facilities provided in advance must be available in 
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order to make such action possible. The question naturally arises as 
to what constitutes adequate transportation facilities. The answer 
involves a knowledge of the maximum time which the firefighters may 
spend in traveling from the starting point to the fire and yet arrive 
in ample time to keep the fire within the limits specified by the man- 
agement objective as to allowable area burned over (see page 156). 
The time needed which can be allowed for travel will differ according 
to the fire danger prevailing in a given forest or fuel type. Suppose 
that in a given forest type this maximum time, often termed hour 
control, is fixed as % hour. Then, in theory, such transportation 
facilities should be provided as will enable all parts of the type area 
subject to fires to be reached within this time standard. 

At this point it is desirable to discuss the subject of elapsed time 
of which the time allowed for travel is only one part. 

In order to further the systematic preparedness so essential to suc- 
cessful fire-control performance, standards of elapsed time or the dif- 
ference in time between the beginning of any action and its actual 
accomplishment are established in fire-control planning for the various 
phases of presuppression and suppression activities that can be influ- 
enced within definite narrow time limitations. The various divisions 
and limits of elapsed time standards recognized in fire-control practice 
are customarily subdivided as follows {Forest Terminology 1944) : 

1. Discovery time, which is the elapsed time from the start of a 
fire (known or estimated) until the time of first discovery which re- 
sults directly in subsequent suppression action. In practice, the detec- 
tion system is commonly devised with the objective of discovering fires 
within 15 minutes after the smoke is visible above the tree tops. 

2. Report time, which is the elapsed time from the discovery of a 
fire as defined above until the first man who does effective work on 
the fire is notified of the existence and location of the fire. A minimum 
of 2 to 5 minutes is usually set up as the report time standard. This 
means that the communication system must be adequate to insure 
the reporting of fires to a dispatcher or central office within 3 minutes 
on the average after their discovery by a responsible detecting agency. 

3. Get-away time, which is the elapsed time from the receipt of the 
report of a fire by the man taking initial suppression action and his 
departure for the fire. Get-away time standards are dependent upon 
the mode of travel so that they may range from 3 to 5 minutes in the 
case of foot or automobile travel up to 15 minutes when horses are used 
for transportation. 
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4. Travel time, which is the elapsed time of the first man to arrive 
at a fire from the time he starts for it until he arrives at the fire. 
Travel time standards are governed largely by the mode of travel in 
conjunction with the type of transportation system that is available 
plus the factor of safe rates of speed involved. Thus, they may be 
concerned with rates of travel as low as 2 miles per hour, in the case 
of foot travel across rugged country, to as high as 45 miles per hour 
with passenger automobile on paved highways and 100 miles per hour 
or more in those instances involving the use of aircraft. 

5. Attack time, which is the elapsed time that begins when the man 
who performs the first effective work on a fire learns that there is a 
fire and ends when he begins first control work. 

6. Control time, which is the elapsed time from first effective work 
until the fire is controlled or until the time the perimeter of the fire is 
no longer increasing. 

7. Mop-up time, which is the elapsed time from the completion of 
control work until enough mop-up work has been done to insure that 
the fire will not break out. 

8. Patrol time, which is the elapsed time from assurance that a fire 
will not break over (mop-up and cold-trailing or controlling a partly 
dead fire edge by careful inspection to detect any fire, digging out live 
spots, and trenching short sections of live edges completely) until no 
further patrols around the fire edge are needed. 

9. Hour-control time, which is the estimated or probable time that 
will elapse between the origin of a fire at a given point or locality, and 
the arrival of the first man or men of a given suppression force, dis- 
tributed according to the prearranged fire plan. 

Returning now to transportation problems, we find that in practice 
it is sometimes impossible at reasonable expense to bring every point 
within the maximum allowed travel time. If an hour-control map of 
the forest is drawn, showing graphically the number of hours which 
it takes to reach each part of the forest, the portions inadequately 
developed with transportation facilities will be graphically depicted. 
Obviously the speed at which a fireman can travel will be the deter- 
mining factor in the time required to reach specific points. His speed 
is fixed by the natural factors of topography and vegetative cover and 
by artificial aids at his command such as a road, trail, airplane, auto- 
mobile, boat, or horse. Naturally, if good roads exist and automo- 
biles are available, the distance from headquarters covered in the 
same time will be much greater than if the route must be followed on 
foot through rough or brushy country and up a steep slope. 
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With the time standards as a beginning point, a transportation sys- 
tem for putting men on the fire line suited to the local conditions can 
be planned. The system should include units of differing degree of 
refinement, comprising several classes of roads and graded and un- 
graded trails. Norcross and Grefe (1931) were the early leaders in 
planning transportation systems for the western forests. An example 
of the way in which the principles of Norcross and Grefe are applied 
in designing forest transportation plans to meet the needs of fire con- 
trol in California has been described by Brown (1937a, 19376). 

Transportation is needed in fire control not only for delivering the 
firefighters to going fires but for moving and servicing other members 
of the fire-control organization. 

The transportation system is vital for the use and administration of 
the forest as well as for its help in fire control (Morrell 1927). The 
character of the transportation facilities which are appropriate at any 
given stage in the economic development of a forest depends primarily 
upon these other uses rather than upon the fire problem. Jones (1942) 
emphasizes the point that forest transportation should be planned as 
a development to take care of all forest resources. Only where essen- 
tial to meet hour-control requirements should a road be located and 
built solely as a fire-control project. In any case the location should 
be such that it fits into the ultimate road system required to serve all 
forest resources. The objective of ^^the transportation planner, once 
decision on land use is made, is concerned with determining a system 
of roads that will most economically serve all forest resources, satisfy 
protection and administration requirements, and at the same time fully 
meet public travel needs. This system must be provided at the lowest 
economical cost and it must be justified on the basis of returns in value 
from the various resources and users/^ 

The older settled sections pf the country where logging has passed 
over the forest one or more times already have the transportation net- 
work laid out on the ground and partly developed. In such regions 
when forest management is taken up it is ordinarily possible to make 
use of roads previously established and to put into a usable condition 
the roads and trails needed for fire control at relatively low cost, and 
sometimes in conjunction with a revenue-producing use. 

The virgin forests which occur principally in rough inaccessible areas 
present a more expensive problem of transportation development. 
Here the area if protected from fire in advance of logging operations 
requires the building of an entire transportation network for fire con- 
trol. Ultimately, of course, the system will prove useful for a variety 
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of revenue-producing uses. This contingency should be kept in mind 
so that the system may later serve as the nucleus for the permanent 
transportation system needed for all forest uses combined. In the 
beginning the transportation system in undeveloped regions might 
consist either of roads or of trails or, what is more logical, a properly 
balanced combination of the two types. If trails predominate, the 
firemen must be rather widely and uniformly scattered over the area, 
but if one or more automobile roads penetrate the forest these men 
may be concentrated at fewer points. 

The trail system should be the forerunner of and supplemental to 
a road system expanded gradually as needed until ultimately the en- 
tire forest area has the road mileage requisite for timber and other 
uses. As an illustration of intensive management the Keene Forest 
of the Yale School of Forestry, located in southern New Hampshire, 
has a system of truck roads bringing all points in the forest within 
Ys mile of these roads. None of these roads were built for fire-control 
purposes. They were developed to facilitate extraction of timber. 
Only in wilderness areas should roads be tabooed. 

Hornby (1936, p. 68) advises locating firemen at stations where 
they can act as detectors and smokechasers and then building roads to 
these stations. He asserts that under this guiding principle the cost 
of roads and men will be much less in country like the northern Rocky 
Mountain region of the U. S. Forest Service where detection and 
attack is a combined function. The objection that the lookout point 
may be unoccupied while the detector attacks a fire is relatively unim- 
portant because a large share of the area is seen from two or three 
stations. 

In addition to the transportation facilities already mentioned (which 
in most forests comprise the larger part of the system), there are other 
means such as railroad lines, waterways, and aircraft. Lakes and 
streams may furnish the main arteries of travel in certain regions like 
the Lake states, northern Maine, and eastern Canada. 

Aircraft have already proved their value as a means of transporting 
firefighters, equipment, and supplies. In undeveloped regions lacking 
roads aircraft can serve efficiently as the vehicle of transportation. 
Men and supplies can be delivered by aircraft either on landing strips 
or by parachutes. There will be periods when, because of smoke or 
fog, flying will be too hazardous and supplies cannot be delivered by 
air until conditions improve (Anonymous 1945, p. III-5-1). 

Supervisory personnel needed to take charge of fires are often trans- 
ported by air in emergencies to save time even though slower trans- 
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portation by road is available. However, the development of an ade- 
quate number of landing fields for fire control purposes in rough 
mountainous country often proves impractical, since putting men and 
supplies on fires located anywhere within the forest area may be re- 
quired. Even before World War II the U. S. Forest Service had 
pioneered in this field and so well perfected the technique of dropping 
men, supplies, and equipment from airplanes to the ground (Wern- 
stedt 1937) that airplanes could be used profitably for the purpose 
when landing fields were unavailable (Campbell 1939). 

Parachuting of firefighters onto going fires was first used by the 
U. S. Forest Service in 1940 (Lindh 1941) following tests made the 
previous year. Lindh’s conclusions are that trained men can be safely 
landed in rough timbered country at altitudes up to at least 8000 feet 
and in winds of 30 miles per hour velocity. The use of these fire- 
fighters is not considered economical where the road system has been 
completed but is worth while in inaccessible country. 

Godwin (1941) estimates that there may be as much as 15,000,000 
acres in the Rocky Mountains and westward which might economically 
be covered by smoke-jumpers. 

The U, S. Forest Service has been experimenting with helicopters 
and believes that they can be improved so as to be of value in fire 
control (Funk and Knudsen 1947; Jefferson 1948). Principal points 
which need correction are in equipping them with such additional de- 
vices that they can hover close to the ground and get in and out of 
small openings. The chief use of helicopters in fire control will come 
in supplying fire camps, particularly those that are of the side-camp 
type and those which cannot be easily serviced by the conventional 
plane. It is probable that the helicopter can be developed in such a 
way that it saves time as compared to other aircraft and succeeds in 
carrying nearly as much equipment as the planes now used in fire- 
control work. 

Where the country is dotted with numerous lakes hydroplanes can 
be used to advantage, as the lakes furnish all the necessary landing 
places. Hydroplanes are used commonly in fire control in northern 
Maine and eastern Canada. 

The transportation system will fall short of its highest usefulness 
in fire suppression unless sufficient units of the vehicles of transporta- 
tion most appropriate for the road, trail, or waterway system estab- 
lished on a given forest, or for the air, are arranged for in advance 
and are ready for instant use in transporting the firefighters to the 
scene of action. The importance of this action is stressed by Jeffer- 
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son (1947) in an article entitled “Fire Control Logistics/^ Logistics 
which employ details of transporting, equipping, and supplying fire- 
control operations has been neglected in the past. Not enough em- 
phasis has been put on the subject. It is one thing to have provided 
a given number of pieces of equipment, but unless provision is made 
for breakage, and for getting the material out to the fire, this equip- 
ment is often not really available. The definition of fire-control 
logistics would be the art of delivering man power and materials 
already planned for in the right quantity, in the right places, at the 
right time. Transportation both on the ground and in the air and 
over water must be considered in fire-control work. More attention 
should be paid to training men in the techniques of logistics, a field 
which today is practically untouched. 

Truck transportation is probably the principal means for taking 
firefighters to the fire. Where motor roads exist, every administrative 
subdivision of appropriate size should have a fast truck outfitted with 
all tools and equipment needed by a firefighting crew and designed 
to carry the crew as well as the tools to the fire. 

In selecting trucks for fire-control purposes, load capacity and speed 
in transit are the two principal points to consider. The character and 
condition of the roads over which the truck will run must be con- 
sidered. It is desirable to use as speedy a truck as the roads make 
practical. If the transportation system contains considerable mileage 
of trails traversable by tractors, though not by trucks, the tractors 
may be equipped with trailers to carry supplies. Trails suitable for 
tractor and trailer use can be constructed at a fraction of the cost 
spent in building roads suitable for fast trucks and may be the best 
type of ground transportation facility to develop inaccessible country, 
especially when the trail can be built by a bulldozer (Heustis 1938). 
Rice (1940) describes the development and use of a. trail tractor and 
a trailmobile, or small automobile with 35-inch tread. This tractor 
can be used for trail construction and for hauling trailers. Either the 
trail tractor with trailer or the trailmobile can deliver supplies over 
trails at less cost than by pack stock. “A reasonably smooth trail 
grade is necessary, which presupposes annual blade maintenance.” 

Forest firefighters in all parts of the country have shown excellent 
initiative in developing specially equipped trucks to meet the con- 
ditions in their territory. Various types of trailers and truck beds 
for transporting horses and equipment to fires are illustrated and de- 
scribed in the Fire-Control Equipment Handbook (Anonymous 1946, 
pp. F-1 to F-5). 
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FIREBREAKS 

A firebreak is defined (Forestry Terminology 1944, p. 32) as an 
existing barrier, or one constructed before a fire occurs, from which 
all or most of the inflammable materials have been removed; 'designed 
to stop or check creeping or running but not spotting fires, or to serve 
as a line from which to work and to facilitate the movement of men 
and equipment in fire suppression. The term ' fire line^^ which in the 
past has been employed as a synonym is better restricted to the special 
lines which are made after a fire is started for the purpose of sup- 
pressing that particular fire. 

Assistance in suppression is the primary function of firebreaks and 
justifies their construction prior to the fire season. Suppression is 
facilitated because the firebreaks furnish points from which fighting 
can be started without loss of time in building fire lines. One case 
cited by Wagstaff (1942) illustrates how firebreaks reduce suppression 
costs and damage. An 8-foot graded firebreak costing $20 per mile 
to construct and $3 per mile to maintain, located through grassland 
near the foot of a steep slope, reduced suppression costs from $215 to 
$45 per year, estimated damage from $244 to $25 per year, and area 
burned from 24 to 12 acres though the number of fires per year re- 
mained the same. As will be discussed later under suppression, Chap- 
ter 13, building fire lines ahead of a going fire is normally a necessary 
step in fighting the fire. Such lines are essentially different in char- 
acter from the firebreaks established and maintained prior to the origin 
of the fire. Firebreaks are under consideration at the present moment. 

Firebreaks when located beside traveled ways and properly con- 
structed and maintained to fit local conditions may reduce the number 
of fires. In fact as used along railroad rights-of-way firebreaks are 
maintained because of their preventive function (see page 70). 

In order that a strip in or adjacent to the forest may serve the 
purpose of a firebreak it must be cleared of the more inflammable 
material and be opened up sufficiently to permit easy progress for fire- 
fighters along the strip and to afford space for effective fire fighting, 
particularly when backfiring technique is employed. 

It will readily be seen that the transportation system is in itself a 
network of firebreaks. For assistance in suppression there are no better 
firebreaks than roads and trails, although they are not the best for 
preventing fires from spreading. To be effective for this purpose the 
roads and trails must be bordered by special firebreaks. 
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Inflammable material which ordinarily is removed in preparing a 
firebreak consists of the litter and duff, ground cover, underbrush, 
reproduction, fallen trees, lower dead limbs on living trees, and stand- 
ing dead trees. 

A ground surface kept bare of vegetable matter is the ideal. This is 
not always practicable for the whole width of the firebreak but should 
be secured on at least a narrow strip down the center or along the edge. 

At one time it was considered desirable that a firebreak be com- 
pletely cleared of all standing trees. This idea is now abandoned in 
best practice. The most effective firebreak is one supporting a com- 
plete forest cover, which acts both to inhibit a luxuriant ground cover 
of herbaceous plants so likely to flourish on bare areas and to keep a 
higher moisture content in what litter and ground cover may persist 
under the shade. Both original construction costs and annual main- 
tenance charges for such a strip are less than for one completely cleared, 
and also a more effective firebreak is created. By maintaining a forest 
cover over the firebreak the land is kept in production. 

If the firebreak is narrow and is plowed rather than burned the 
effect on the growth rate of the area used as a firebreak would be 
insignificant. On a wide firebreak burned over annually or semi- 
annually growth would be somewhat reduced, perhaps as much as a 
third. 

Firebreaks vary in width from a foot or two to several hundred feet. 
The width more commonly falls either between 6 and 15 feet or be- 
tween 50 and 100 feet, depending on natural conditions and the 
methods of construction and maintenance which can be employed. 

The narrower type of firebreak is suitable if the entire width is to 
be cleared down to mineral soil. Where this method is used the ex- 
pense of clearing a wide strip would be prohibitive. The wider type 
of firebreak (50 to 100 feet) finds application where the surface need 
not be entirely cleared of vegetable matter. In this case a narrow strip 
2 to 4 feet in width is cleared on the outer edges of the firebreak and 
the territory between is burned broadcast. Ordinarily this burning re- 
moves most but not quite all of the duff and ground cover. This type 
is well adapted to conditions prevalent in the southern yellow pine 
regions. On the whole the tendency is toward the use of a narrow strip 
6 to 12 feet in width which will have bare soil over practically its entire 
width. 

Even in the South where wide burned lines are inexpensive to con- 
struct and maintain, narrow disked firebreaks up to 8 feet in width are 
preferred by some men. Special gang disk plows have been developed 
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for making this type of line at low cost. Firebreak construction in this 
region is less expensive than in other parts of the country. 

The first disk plows developed made a line that, after reworking, 
became a ditch difficult to drive across. Later models have been de- 
veloped that make a clean level firebreak 8 feet wide. 

On sand plains in the Lake states narrow lines frequently are used, 
and on very hazardous areas a wider type with a graded 8-foot strip 
on each side separated by a wider cleared strip with a road down the 
middle for low-speed truck travel has been employed. This firebreak 
is constructed by caterpillar tractors and graders, and the two side 
strips are maintained by disking two or three times a year. The system 
blocks the area into mile squares and provides a transportation system 
as well as a network of firebreaks. 

Meade (1944) describes a grader disk combining a grader blade and 
disk in one machine. The blade and the disk can be interchanged in 
the field. It is adjustable for depth, pressure, and cant, and also ad- 
justable from side to side. The disadvantages are that it throws dirt 
only one way and must be transported by a truck. 

The use of plows, graders, harrows and other equipment with horses 
and tractors for the construction of firebreaks has revolutionized their 
building and maintenance. Plowing and grading by machinery to 
create a cleared firebreak with a bare soil surface are quickly accom- 
plished on rough, stony, brushy, steeply sloping forest areas without 
any preliminary clearing where a few years ago such work would have 
been deemed impracticable. 

Firebreaks must receive attention at least once, often twice, and, 
rarely, more times each year if they are to be effective. Maintenance 
consists in harrowing or replowing the mineral soil portion of the strip 
and in burning over the remainder where firebreaks are used. There 
is a possibility that effective methods of maintaining firebreaks by the 
application of chemicals can be developed, thereby cutting present 
maintenance costs. 

Chemicals effective in sterilizing the soil and killing the vegetation 
can be found, but they are expensive, poisonous, and dangerous to use. 
Bruce (1941) discusses the problem as encountered in the chaparral 
region of southern California. In this region firebreaks of expensive 
type are justified because of the extreme fire danger that may develop, 
the damage which fire causes by affecting runoff and by starting erosion 
and silting up of reservoirs, and the very high value of water. In the 
chaparral region, with a cover worthless for timber production, water- 
shed protection justifies the construction and maintenance of at least 
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2500 miles of 40- to 100-foot wide firebreaks built at cost of about $800 
per mile. 

Experiments with 2,4-D are in progress (Blanchard 1947), and in the 
future methods of using this chemical for killing vegetation on fire- 
breaks may be developed. 

The principle in locating firebreaks is first to utilize all natural pro- 
tective features such as lakes, rivers, streams, swamps (provided they 
do not dry out in the fire season), and cliffs, and also the existing or 
planned transportation system, roads, trails, stock driveways, etc., and 
to construct special firebreaks only where these natural and artificial 
features fail to meet the situation. 

Firebreaks are improvements made primarily for fire control, and the 
construction and maintenance charges expressed as cents per acre pro- 
tected can easily reach a figure out of proportion to the results secured. 

The fire danger must be exceptionally great or costs remarkably low 
to justify a systematic gridironing by firebreaks of a forest property 
into areas even as small as 160-acre blocks. On most properties the 
use of firebreaks must either be the preliminary development of what 
ultimately becomes the road and trail system, needed for other pur- 
poses also, or be employed sparingly in critical locations. 

Sometimes large cutover areas with heavy accumulations of slash 
should be divided into smaller and more easily protected blocks by 
firebreaks. Such firebreaks may be narrow plowed lines or more often 
will be wide strips upon which disposal of the slash has been made. 
This type of treatment is considered under fuel reduction. Chapter 10. 
Where a short length of firebreak will be effective in separating an area 
of high risk, such as a camp ground or resort area, from adjoining forest 
areas having a high hazard such firebreaks may be justified. 

So many fires start beside railroads, particularly those burning coal 
or wood, that the use there of firebreaks usually is justified. Main- 
tenance of the right-of-way in noninflammable condition has been men- 
tioned as one of the measures for preventing railroad fires. This can 
be accomplished only by keeping a wide, carefully tended firebreak 
on each side of the track. The width advised for railroad firebreaks is 
from 100 to 125 feet on each side of the track. A strip 2 to 10 feet 
wide on the edge of the firebreak farthest from the railroad center 
should be kept bare to mineral soil and the remainder of the strip should 
be carefully burned over twice each year. As dense and thrifty a forest 
as possible should be preserved over the entire firebreak. When the 
firebreak is first constructed all dead trees and lower dead branches 
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should be removed as well as all inflammable underbrush and repro- 
duction. 

The safety strip recommended by the Pennsylvania Department of 
Forests and Waters (Wirt 1928) and the standard railroad firebreak 
which has been used in New Jersey are both examples of this type of 
railroad firebreak. 
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CHAPTER 


Presuppression: Equipment and Personnel 

EQUIPMENT 

Arrangements should be made prior to the fire season for providing 
all the tools, equipment, and supplies likely to be needed in combating 
fires. The type and quantity of the material that should be on hand 
vary widely with local conditions and include both hand and power 
tools. In general, all equipment should be of the types which local 
experience has shown are most effective. They should be provided in 
such volume as the past fire history and judgment indicate may be 
needed. They should be located at strategic points in the forest or at 
the headquarters from which the firefighters start. One excellent plan 
for hand tools is to distribute through the forest special tool boxes 
painted or labeled in a conspicuous manner and containing a complete 
firefighting outfit for a crew of the size likely to be available at the 
given location. 

Ordinarily within a given locality dependence is placed upon a rela- 
tively small number of equipment items. This is because for the pre- 
vailing forest conditions only a few tools have proved highly effective 
and worth the trouble of bringing out to the fire. The choice of these 
tools may at times be influenced by local custom, unenlightened by 
developments elsewhere, and by the fact that the particular tools are 
on hand for other purposes, rather than that the tool used is the very 
best for the purpose. The trial of new tools from other regions still 
holds promise for many localities. Forest types serve as the under- 
lying basis for real distinctions between the relative values of different 
tools for fighting purposes. For example, the equipment used in con- 
trolling fires on sand plains would be unsuited for fighting a fire burn- 
ing in a peat-covered area. 
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Equipment and Personnel 


In selecting equipment for firefighting not only must the right kinds 
be provided, but the right numbers of each kind of tool to equip a well- 
balanced crew for the method of firefighting they will use. It is well 
to remember that it is much better to have too much equipment at the 
fire than too little. 

Considering the country as a whole there are a large number of 
equipment items which can be advantageously employed in some 
region or in some phase or method of firefighting. Godwin (1945) in 
an article entitled ^‘The development of fire-fighting equipment since 
Pearl Harbor” listed 27 categories or groups (including both old and 
new equipment) which merit consideration. This illustrates the variety 
of equipment which finds use in fire-control operations. The author 
stresses the fact that many new developments in equipment are under 
way. Osborne and Cowan (1946) describe the equipment recom- 
mended particularly for the Pacific Northwest. The U. S. Forest 
Service Fire-Control Equipment Handbook (Anonymous 1946) divides 
the field into 19 groups and describes several items under each group. 
The grouping in this handbook is as follows: 


Fire-danger equipment 
Detection equipment 
Compass, protractor, and dis- 
patcher equipment 
Communication equipment 
Photographic equipment 
Transportation equipment, 
vehicular 

Water-carrying equipment 
Packing equipment 
Hand tools and containers 
Fire line power equipment 


Pumping equipment 
Firing equipment 
Lighting equipment 
Camp equipment 
Subsistence supplies 
Medical and safety equip- 
ment 

Sharpening equipment 
Smokechaser and fire crew 
outfits 

Miscellaneous equipment 


The handbook, though it reflects mainly U. S. Forest Service prac- 
tice, gives the best presentation available of types of equipment useful 
over the country as a whole. Within the pages of this text it is not 
possible to enter into a listing and description of the numerous equip- 
ment items available. As opportunity offers, the reader should become 
familiar with the equipment used by federal, state, and private fire- 
control agencies operating in his locality. 

What is attempted here is to recognize a few broad groups of equip- 
ment, employed directly in fire fighting, on the basis of the use to 
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which they are put in fire fighting and list with comment some of the 
more important items under each group. 

Equipment employed may be grouped as follows: 

Cutting and felling. 

Raking, pushing, and beating. 

Digging and fire line construction. 

Application of water. 

Backfiring. 

Lighting. 

Cutting and Felling Equipment 

Axes, brushhooks, saws, wedges, and sledge hammers are usually 
employed. The saws, sledges, and wedges are needed only where there 
are many snags to be felled or down timber to be cut into logs in 
clearing fire lines. In most forest types either axes or brushhooks are 
useful, but both are not needed. The choice depends on size of the 
material to be cut. In other timber types neither an ax nor brushhook 
may be essential. 

Bucksaws, Swedish type, may be needed on small timber while cross- 
cut saws and power saws may be needed for felling snags and cutting 
large trees. It is only in heavy timber types or areas of windthrown 
timber, where a large amount of felling and bucking-up has to be ac- 
complished quickly, that it will pay to use power saws in fire control. 
Several excellent makes of power saws are available. 

Raking, Pushing, and Beating Equipment 

Rakes of all kinds. Rich, Council, and McLeod tools, swatters, rotary 
fire mop, and Gravely fire-line broom are included. The Rich and 
Council tools have steel mowing machine blades which may be used for 
raking, digging, and cutting. The McLeod tool (also a combination of 
rake and hoe) is especially effective when raking in deep pine needle 
litter. The fire swatter is a strip of belting 12 inches wide by 12 to 
18 inches long fastened to a steel shank and mounted on a hoe pattern 
handle. It is effective because of its smothering action for beating out 
fires in grass and similar light fuels. The steel shank can be replaced 
by a scarifier and the swatter used as a rake if necessary. 

The rotary fire mop is a revolving swatter with 6 rubber mats or 
flaps which, as the mop is rolled along the fire edge, rotate and beat out 
the fire (Murphy 1946). The swatter and rotary mop are modern 
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improvements over the old system of beating out the fire edge with a 
pine bough. 

The Gravely fire-line broom (Howard 1946) consists of a Gravely 
tractor with rotary broom attachment which clears a fire line 18 inches 
wide in open types where the materials to be removed are principally 
fallen hardwood leaves and pine needles. 

An asbestos mat at least 6 by 8 feet in size may be dragged by truck 
or horse power over the edge of a fire burning in grassland. Two mats 
one behind the other will usually extinguish a grass fire (Anonymous 
1946, p. J-8). 


Digging and Fire Line Construction Equipment 

Long-handled shovels, mattocks, and hoes of all kinds," particularly 
the adz hoe (Osborne and Cowan 1946, pp. 2-3) , and Pulaski tool cover 
the commonly employed hand tools. The long-handled shovel is in- 
dispensable where dirt is to be used in extinguishing burning material 
and wherever there is much digging out of the fire edge to be done. 
Under most circumstances hoes are better than the shovel for digging 
a fire line down to mineral soil. They are also superior for cutting and 
raking. The Pulaski tool is a combination ax and grub hoe and is a 
better cutting tool than the hoe. The shovel may be used for beating 
out a fire. The mattock is a clumsier tool than the grub hoe and in 
spite of its extra cutting edge is rarely chosen. 

Power equipment if available will cheapen the cost of digging fire 
lines by hand. Such equipment includes a wide variety of plows, 
graders, bulldozers, angledozers, trailbuilders, and brushbusters. Small, 
relatively light trenchers, such as the Michigan linebuilder and the 
Bosworth trencher (Wicklund 1940), are being developed. In con- 
trast, heavy units operated by crawler type tractors weighing many 
tons are useful under certain conditions. As yet mechanical equipment 
for fire line construction is passing through a period of rapid develop- 
ment and eventually more or less standard types of equipment may be 
developed to fit specific forest types and topographic conditions. This 
situation is well summarized in the U. S. Forest Service Fire-Control 
Equipment Handbook (Anonymous 1946, p. J-1). 

Plows for fire line construction have been developed to fit conditions 
of soil, cover, and topography in nearly all parts of the country. 
Several of these plows are listed in the Fire-Control Equipment Hand- 
book (Anonymous 1946, pp. J-2 to J-7). Hartman (1947) describes 
the development and use of one of these plows (the Ranger^s Pal) 



Equipment 107 

suited for use in the longleaf pine region. He shows how the costs of 
fire control have been reduced since the introduction of the Ranger^s 

Pal. 

A new light-weight plow not listed in the handbook is the Aamodt 
stubby plow (Aamodt 1947). 

Application of Water 

Equipment for applying water to fires includes water bags and cans 
of all sorts, back-pack pumps, power pumps, of several types from 
light to heavy, and tank trucks, hose, and well-digging outfits. 

Back-pack pump outfits, such as the Smith-Indian, holding 5 gallons 
of water and hand operated with a trombone pump are widely used 
throughout the country. They furnish a more mobile means of apply- 
ing water although in lesser volume than power pumps. Small force 
pumps can be secured in a variety of styles. The best types are those 
in which the water container is carried comfortably on a man^s back, 
leaving his hands free to operate the pump and direct the water spray 
upon the fire. The advantage of water bags over metal cans is that 
they are lighter and can be transported and stored in small space. 
The metal cans, however, will stand alone while full of water, and they 
are usually considered preferable to water bags. 

As road systems develop, power pumps are put to increasing use. 
The light portable ones can be carried in from the roads. The heavier 
pumps are mounted on trucks or on trailers pulled by tractors and 
operate in territory accessible by roads. 

Several makes of portable power pump are manufactured especially 
for forest firefighting purposes. These pumps vary in weight from less 
than 40 to about 700 pounds. The heavier ones are designed for use 
close to main roads; the lighter types may be packed far back into the 
woods. Power pumps may be classed as rotary, piston, plunger, or 
centrifugal. The rotary pumps develop high pressure and adequate 
volume even in small sizes and are light, compact, and self-priming. 
They have serious defects, such as the rapid wearing out of the rotors 
which are expensive and cannot be changed in the woods, and they 
have a speed too great for long life and reliable performance. 

Weight is the principal disadvantage of the piston and, plunger type 
of pump. However, when correctly maintained these units can be 
taken into very rough country. They are the most reliable type of 
pump for forest fire service. The centrifugal pumps although small, 
light, and compact cannot produce high pressure. They can be used 
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with dirty water since grit has little effect on the working parts. Per- 
formance and reliability in a power pump are more desirable than 
lightness. 

The development of a network of water holes, each holding several 
thousand gallons of water, at frequent intervals is a presuppression 
improvement worth putting in where running streams do not furnish 
abundant water supply well distributed over the forest areas. The 
water holes are best located beside truck roads. 

Tank trucks equipped with pump, tools for a firefighting crew, and 
sometimes space to carry a small crew have been developed in all parts 
of the country. A few illustrations are cited: 

Smith (1947), Penn. Dept. Forests and Waters, a ^-ton pick-up with a 110- 
gallon tank, Panama pump, 400 feet of hose, and tools for 15-man crew. 

West and Mattsson (1947), Wasatch National Forest, a tractor-tanker and a 
%-ton weapons-carrier tanker, both with high-pressure fog. 

Fortin (1947), Ouachita National Forest, a stake-body truck with Panama pump, 
a 165-gallon tank, 500 feet of hose, tools, and subsistence supplies for 25 men. 

Rowland (1946), Army Air Force proving ground in Florida (formerly Chocta- 
whatchee National Forest), a variety of tankers, pump outfits, and trailer tankers 
to meet the high fire danger on this area. 

Cherry (1941), Massachusetts Dept, of Conservation, describes the construction 
and use of a 1000-gallon brushbreaker tank truck for the special conditions on the 
sandy, brush-covered, wind-swept lands of Cape Cod. Here crown fires start easily, 
and, in the tangles of scrub oak brush, hand tools and hose lines are hard to use. 
The essential features of this brushbreaker are the chassis and engine, front 
bumper and guard rails, water tank, and pumping equipment. The chassis has 
10 wheels, 2 front and 8 rear, and can go anywhere through the woods. The truck 
is completely protected with armor so that it can knock down trees without in- 
juring the truck. It can make a speed of 60 miles an hour on surfaced roads. The 
bumper is so designed that the initial impact and crowding action take place 
5 feet from the ground. 

The plunger type of pump has a 50 gallon per minute capacity and 400-pound 
pressure. The tank holds 1000 gallons. A second pump of the rotary type can 
fill the tank at 200 gallons per minute. The nozzles can be regulated from a fog 
to a solid stream and have trigger control. In addition to these nozzles, which 
are worked from the truck, two 500-foot hose lines are carried. The crew consists 
of 6 men, one of whom is a road or trail locator as the truck drives along the edge 
of the fire. 

The cost of the truck was S6000. Its use has had a profound effect on the fire- 
break system. The forest areas had been split into half-mile squares with 40-foot 
firebreaks around each unit. These firebreaks often failed in emergencies. Now it 
is felt firebreaks should not be built, but fires should be fought by the brush- 
breaker tank truck. 
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Backfiring Equipment 

Torches, flamethrowers, and fusees are employed. Some convenient 
means of setting backfires is wanted when fires are fought by back- 
firing. If many backfires have to be set, a torch should be carried 
instead of relying solely on matches. The type made from gas piping 
with a wick in the end and burning kerosene oil is commonly em- 
ployed. Frequently one of the heavier types of torches burning kero- 
sene, gasoline, or liquid gas under pressure, which produces more heat 
and therefore starts the backfires more quickly, is needed. All torches 
must be provided with fuel. 

At least one of the plows used for fire line construction in southern 
pine types is equipped with a flamethrower which projects a flame 3 to 
6 feet long on either side of the plow as it moves along the line. Perkins 
(1941) describes a portable flamethrower developed for use in back- 
firing southern California brush fields. It can be transported on mule 
back or by two men. 

Railway signal fusees have been tried as torches for backfiring but 
did not provide the volume of heat desirable. A special fusee or forest 
fire torch of the same general type as the railway signal fusee is on the 
market and has proved satisfactory. 

Lighting Equipment 

For night firefighting, devices for furnishing light are needed. The 
fire itself dies down at night and does not furnish adequate light. 
Headlights which can be attached to the firefighter's cap provide the 
most satisfactory light since they will be placed by the turning of the 
man’s head on the spot where light is wanted. Such headlights can be 
secured, operated either by flash-light batteries or by carbide lamp. 
Lanterns, except as an aid in walking through the woods, furnish poor 
assistance in firefighting. 

Floodlights, electrically or gasoline operated, arc available. The 
gasoline floodlight can be set on the ground with a powerful light on 
standard above. Electric light outfits can be placed on small rubber- 
tired trailers built to permit one man to haul lights along the fire line 
(Anonymous 1938, pp. 193-194) . 
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PERSONNEL 

Other presuppression activities have been developed in order that 
the firefighters may arrive at the scene of the fire at the earliest pos- 
sible moment after its inception and that, when they do arrive at the 
fire, they may find conditions for its control as favorable as human 
forethought can provide. 

The problem facing the personnel of the fire protective organization 
is to vitalize the preparations which have been made and to take full 
advantage of the opportunities offered. The quality of the personnel 
can be shown in two ways: first through the ability with which they 
have planned and carried on the task of fire prevention and presup- 
pression activities, and finally through the skill and efficiency with 
which they suppress fires. 

Just as careful arrangements prior to the start of the fire must be 
made to insure adequate man power as to provide transportation, com- 
munication, and other improvements. Adequate man power has some- 
times been thought of in number of men. Far more important than 
mere numbers is the quality of the personnel, particularly their ability 
to apply, skillfully, existing knowledge concerning fire control. Fire 
control in its various aspects requires physical strength, technical skill 
in firefighting, and executive ability of high order. Poor men fre- 
quently satisfy none of these requirements. Without training, men 
cannot function satisfactorily as cogs in a forest fire organization. Too 
serious consequences may come from using inexperienced men. This 
is now so well realized that the tendency is to make the men charged 
with fire control a part of the year-long force. 

Where an organization must be expanded during the fire season (be- 
yond the detailing to fire control of members of the permanent force) , 
so far as possible the same temporary men are taken on year after 
year. This principle holds even when applied to relatively loose or- 
ganizations such as the local fire warden system of an entire state. 
Since men skilled in firefighting and other phases of fire-control tech- 
nique are scarce, large organizations find it to their advantage to offer 
training both to their present employees and particularly to new mem- 
bers of the force. The training must be adapted to the position which 
each individual is to fill, from the untrained labor right on up through 
the ranks to the members of the overhead staff. Many members of a 
fire-control organization work alone much of the time, and ability to 
exercise initiative and to take responsibility are valuable qualities to 
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develop as well as efficiency in the routine performance of their duties. 

The detection of fires is taken care of by special men — ^the lookout 
observers. Similarly the actual work of firefighting should be provided 
for by assigning men specifically to this task during the fire season. 
Some men may do nothing else but remain at headquarters close by a 
telephone ready for an instant start. Others, equipped with a portable 
radio for communication with headquarters, may patrol and assist in 
detection until needed for firefighting. Sometimes it may be effective 
to scatter small crews through the forest and keep them at work on 
forest improvements until called to a fire. The employment for fire 
suppression of trained fire crews continuously subject to call and paid 
on a daily or a monthly basis during the fire season is one of the best 
means of obtaining competent men for fire suppression. This plan 
has already been put into practice in various parts of the country. 

Training is carried on systematically year by year by practically all 
fire-control organizations in the country, particularly by the U. S. 
Forest Service. During the war the national director of Civilian De- 
fense sponsored the establishment of the Forest Fire Fighters Service 
organized to train and equip volunteer firefighters and to strengthen 
the forest protection agencies in the various states. This Service was 
taken up actively in many parts of the country and resulted in train- 
ing thousands of young people mainly of high-school age in fire preven- 
tion and suppression. 

On account of the smaller resources at stake per unit of area, the 
firefighting personnel in the forest cannot be developed to the degree 
of intensity found in cities. However, even today the same principles 
of quick action by a thoroughly trained personnel specializing in fire 
control, as exemplified in the city fire department, are fundamental in 
developing effective forest fire control. 

So far as possible, hiring of large numbers of untrained men should 
be avoided, although sometimes it may be inevitable. An increase in 
the personnel used on prevention and presuppression activities and in 
the number of organized fire crews will increase the number of trained 
men available in an emergency for firefighting and also will result in a 
decrease in the number of big fires where large numbers of men are 
needed. Eventually it is hoped that all forest firefighting will be done 
by the regular organization and that no untrained men will be em- 
ployed. 
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CHAPTER 


Presuppression: Fuel Reduction and 
Fuel Mapping 

FUEL REDUCTION 

Since there can be no fire without fuel upon which it may feed and 
since the severity of a fire is dependent upon the fuel available, it is 
logical that the possibility of reducing the amount of inflammable 
material should receive careful consideration as a presuppression 
measure. The entire forest is potentially fuel that, if dry enough, may 
be consumed. However, it never dries out completely, and the different 
classes of material in the forest characteristically show a wide varia- 
tion in the degree of inflammability. 

In reducing the amount of inflammable material only measures of a 
practical nature can be considered. Certainly all inflammable ma- 
terial cannot be eliminated without unwarranted expense. In this 
connection particular consideration should be given to those materials 
constituting a definite hazard, i.e., fuels that form a threat either be- 
cause of special suppression difficulty if ignited or of probable ignition 
because of their location. A heavy accumulation of logging slash or an 
area having many long-standing broken-topped snags are illustrative 
of the first condition, while the second occurs along railroad rights-of- 
way. 

Fuel Reduction Methods and Classes of Fuels 

In Chapter 4 (page 40) the material in the forest which may be 
potential fuel for forest fires has been classified in seven groups. When 
these classes of potential fuel are considered in relation to the spread 
and severity of fires, radical differences are apparent. The living por- 
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tion of the forest itself even under particularly favorable conditions 
for burning, such as extreme dryness, high temperature, and strong 
winds, is almost immune to severe damage from forest fires unless 
other classes of inflammable materials are present in quantity and 
make possible a conflagration which will destroy the living trees. The 
reduction of inflammable material in the forest resolves itself, there- 
fore, into treating the other six classes of potential fuels in such a way 
tjiat the living portion of the forest itself is reasonably safe from harm. 

In considering what should be done with these other classes of 
material, it must be remembered that the cost in relation to the value 
of the resource at stake either on the area involved or on adjacent areas 
has a direct bearing upon what should be done to reduce the amount 
of inflammable material. It should be understood that there may be 
better ways of effecting this reduction than the removal from the forest 
of the material in question, or than its disposal by burning or by other 
direct means within the forest itself. 

The maintenance of a dense forest will do much toward keeping both 
the live and dead material within the forest so moist that it does not 
become dangerously inflammable. This is the ideal way of accomplish- 
ing the reduction of inflammable material in many forest areas. How- 
ever, it will not be effective everywhere and, of course, cannot be used 
on areas where cuttings have been made. Here the forest has been 
opened up. However, with light partial cuttings the openings may 
not be large, and much may be done even after such cuttings to retain 
a forest cover which will keep down inflammability appreciably. 

A greater use of the unevenaged form of forest will protect the ground 
cover and litter from excessive desiccation and will maintain conditions 
of lower inflammability than occur on the present clearcut areas. Since 
the benefits of these measures can be obtained only gradually, imme- 
diate action to bring about a fuel reduction along other lines should be 
taken. 

In general, on firebreaks all inflammable materials except the living 
trees should be removed. Sometimes removal on a strip alongside 
roads used as firebreaks is justified for some classes of material. On 
the whole, any work involving direct reduction of any inflammable 
material must be justified before being undertaken. 

Underbrush. Usually it is impractical to spend money for cutting 
and removing the underbrush. In fact these plants may serve a very 
useful purpose in maintaining proper soil moisture conditions, retard- 
ing erosion, and preventing the forest litter from becoming too in- 
flammable. A fully stocked forest, in contrast to many of the present 
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understocked stands, will keep underbrush down to a desirable 
minimum. 

Living Ground Cover. So often the living ground cover consists of 
forage plants. Frequently without expense domestic animals, or some- 
times wild animals, keep this forage grazed so low that it is non- 
inflammable. An example of the value of grazing in this connection 
has been described by Ingram (1928). 

Forest Litter and Undecomposed Humus. Only exceptionally will 
it be justifiable to dispose of the forest litter and undecomposed humus 
as a forest protection measure. In the first place this material if 
possible should be retained in the forest to conserve and enrich the soil. 
The litter is extremely important in this connection, and its removal 
usually is justified only toward the end of a rotation, when, for the 
purpose of establishing regeneration, the seedbed conditions may be 
improved by the removal of the forest litter and undecomposed humus. 
Its removal as a fire protection measure is in general too expensive even 
if it were not bad silviculture. Special conditions, however, allow ex- 
ceptions to this general rule. 

The annual or periodic burning over of forest areas as a fire protec- 
tion measure was used by the lumbermen and forest landowners, even 
before organized fire control was initiated, for the purpose of protect- 
ing standing timber against fire. The term “light burning^^ arose in 
connection with such operations. It has come to have the meaning of 
an intentional use of surface fires allegedly to keep the ground free of 
inflammable material made up of the litter, undecomposed humus, 
ground cover, underbrush, and reproduction. The original theory of 
this operation was that, if a light surface fire could be run over a forest 
area at a favorable time, the ensuing fire would (1) do little or no 
damage to the standing timber and (2) at the same time consume the 
inflammable material in the forest which might, if left unburned, pro- 
vide fuel for a more serious fire accidentally starting at a more dan- 
gerous time. These premises, though plausible, usually prove to be 
unsound. From the silvicultural standpoint light burning has an in- 
jurious influence upon the productive capacity of the site. However, 
at this point only the question of its usefulness as a fire-control measure 
is under discussion. After the average light burn enough inflammable 
material is left to make possible a severe fire on the same area. 

Oftentimes trees are either killed outright by the light burn or so 
seriously injured as to die within a relatively short time afterward. 
The amount of inflammable material is thereby increased. If, how- 
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ever, the fire is so light that no damage results to the standing trees, 
then certainly an abundance of inflammable fuel must remain. Con- 
versely, if the burning is made heavy enough to consume all the in- 
flammable material available, then appreciable damage results to the 
living trees and, as pointed out above, additional fuel is made avail- 
able for subsequent fires. 

Theoretically, it should be possible to burn over a forest with a light 
fire and avoid serious injury to the trees. To do this requires so much 
time, and must be repeated each year in order to prevent the accumu- 
lation of fuel in the form of the annual leaf litter, and dead grass and 
other herbaceous materials, that the method becomes an expensive 
form of fire protection. 

In applying light burning correctly careful work is needed. It re- 
quires that the litter be raked away from the base of the trees so that 
the fire shall not come in direct contact with these trees. This alone 
is a time-consuming and costly operation where large areas are in- 
volved. If only the protection of an existing stand of timber is de- 
sired, an annual light burning under which the trees are safeguarded 
against potential basal wounding as just mentioned may prove satis- 
factory. However, where the continual production of forest crops is 
desired, annual burning cannot be allowed. 

Light burning has been practiced chiefly in the forests of California 
and in the southern pineries. In the mixed coniferous forests of Cali- 
fornia this method of burning is entirely out of place. In that region 
light burning has proved a failure from its forest protection premise 
and in addition has been the cause of serious forest deterioration by 
which large areas of once highly valuable timberlands have been con- 
verted into worthless brush fields (Show and Kotok 1925). The senti- 
ment favorable to light burning which existed in California in the past 
has now been overcome, and there the method has fallen into disrepute. 

In the Deep South, annual or periodic burning over of forest areas is 
still favored by the sentiment of the people. There are a variety of 
reasons for this which are discussed in a previous section (page 28) . As 
long as the present sentiment remains unchanged in that region, it may 
prove impractical in the face of adverse climatic conditions to get along 
without burning over the forest at periodic intervals. These intervals 
should not be annual, but should come 2 to 4 years apart. This pre- 
scribed or controlled burning should be carried out during the winter 
season on specially selected nights when the danger of an intense in- 
jurious fire is reduced to a minimum. Such fires should be confined to 
stands of longleaf pine which is a fire-r^sjs^pt |ife^ even in the seedling 
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stage, but which can be destroyed by fires occurring where there has 
been no burning previously for several years and a “deep rough” or 
accumulation of pine needles, grass, and other vegetation has formed. 
Even though the longleaf pine is located on deep sand which repre- 
sents the soil type least likely to be injured by continuous burning, still, 
in the long run, the productive quality of the site may likely be low- 
ered by these periodic fires. 

Periodic burning to reduce the chance of disastrous fires has been 
practiced successfully for many years with chir pine in India (Gorrie 
1935) under conditions somewhat similar to those prevailing today in 
the longleaf pine type. 

Dead Branches and Moss. The removal of dead branches and moss 
from all trees throughout a forest is an unwarranted expense except on 
firebreaks and sometimes along roads. 

Snags. Where the fire risk is high, as in areas subjected to many 
lightning storms, snags should be eliminated. They are such a poten- 
tial menace for the rapid dissemination of fire that the cost of getting 
these snags down is fully justified. It is good practice to get rid of 
such dead trees throughout the forest. Various methods of felling snags 
have been tried, including sawing, burning down, and blasting. In one 
experiment in the Pacific Northwest (Hunger and Simson 1929), blast- 
ing proved cheaper than sawing by approximately 20 per cent, the 
greatest difference being found with the largest snags; burning proved 
less certain and hence was most expensive. In this connection Johnson 
(1947) has called attention to the use of various army explosives for 
this purpose. In experiments elsewhere than in the Pacific Northwest 
and under different conditions snags have been cheaply burned down 
in the winter. 

Power-driven saws capable of felling large snags make it possible to 
get rid of such large materials at a much lower cost than when sawing 
is done by hand. 

Oregon has in force a snag-felling law which applies to most of the 
heavily forested country west of the Cascade Mountains. Under the 
provisions of this law (Ferguson 1935) in areas of green timber all 
snags must be felled. On areas where all the merchantable timber is 
cut, all snags more than 25 feet tall and 16 inches in diameter must be 
felled providing that the number per acre to be felled does not exceed 
the average number of snags found in the green timber. On most 
national forest timber sales, the operators are required to fell all snags 
above a minimum size. 
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Logging Slash. The slash left after lumbering operations is the 
chief class of inflammable material the volume of which needs radical 
reduction. In itself, slash reacts beneficially on the forest by adding, 
through decay, to the organic material in the soil. On many cutover 
areas the danger of fires gaining momentum in the slash is so great 
that in the present stage of forest protection some type of slash dis- 
posal must be undertaken. However, the tendency today is to recog- 
nize that, even though the fire danger would be greatly reduced by dis- 
posal of all logging slash, yet this may not be the cheapest way of 
furnishing protection. 

In some forest types slash as an inflammable material can be suffi- 
ciently reduced simply by encouraging grazing. Domestic animals 
break up the slash to some extent, and they keep browsed down the 
herbaceous materials which often become inflammable and carry fire 
from one windrow of slash to another. Firebreaks of a sort sometimes 
can be created by properly arranging stock driveways at intervals 
throughout the cutover area. 

The close utilization of defective material should be practiced on 
all cutover areas as this often will reduce the volume of slash consid- 
erably. In the Pacific Northwest, the conditions of inflammability may 
be so great at certain times of the year, that, in addition to a careful 
clean-up of slash and other inflammable debris around all camps and 
logging equipment, the actual wetting down of the ground daily around 
steam donkey engines is advisable (Munger 1927, pp. 19-20). There 
may be other regions vffiere similar action would occasionally be worth 
while although such a measure usually is not justified. 

In a number of states the disposal of slash along highways, along 
railroads, and in a narrow zone along property boundary lines is re- 
quired by law, whereas in other states disposal of slash over the entire 
cutover area is required. Information on this matter, as well as on 
other laws concerned with forest fires, for individual states generally 
is readily available in the compilation of state forest fire laws issued 
by the separate state forestry departments. Where laws relative to 
slash disposal exist they should be so worded that no one single 
method of disposal is required; instead the method should be left to 
the discretion of the proper state forestry authorities. In this way the 
particular needs of local conditions can be met and the inelasticity of 
fixed regulations avoided. 

In deciding to what extent the disposal of slash is required on a given 
tract it should always be remembered that very frequently it is not the 
slash itself which is responsible for the start of a fire. Ordinarily, the 
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litter, which usually is dried and more readily ignited than the slash, 
is the fuel which spreads the fire. Once started, however, a fire will 
burn more intensely in accumulations of slash and may develop more 
momentum in spreading into adjacent green timber. It is questionable 
whether actually any more fires per unit of area start in slash-covered 
areas than in those not so covered. Furthermore, the cutting in itself 
causes a change in local climate toward a drier condition that makes 
the area more inflammable, entirely regardless of the presence or ab- 
sence of the slash. These points should be borne in mind in consider- 
ing whether expenditure is or is not justified for slash disposal. 

The following are the standard methods employed in reducing the 
volume of logging slash. 

Piling and Burning Slash. For securing a relatively complete dis- 
posal of slash, a standard method consists in placing it in piles and 
then burning these piles. One way of doing this is to wait until after 
the logging operation is finished and then cut the tops while they are 
relatively green into a convenient size and pile them. The piles are 
left intact until a season in which climatic conditions favor both the 
burning of the slash and the safety of burning, when they are burned 
in a separate operation. 

Good technique is required to build slash piles that will stand for 
several months to a year and that then are still easily ignited and 
completely consumed by fire. The details of making satisfactory piles 
vary with the tree species in question. In general, only the small 
material in the tops is placed in the piles, while all pieces with top 
diameters above 4 inches are left on the ground to decay. The small 
branches are the ones which constitute the fire hazard, and these only 
are piled and burned. The locations of the piles must be carefully 
selected so that, when the piles are fired, neighboring trees and patches 
of reproduction will not be burned. 

In regions where snowfall can be counted upon in winter, the most 
effective time to burn is the late fall just after a light blanket of snow 
which covers the surface but has not sifted solidly through the piles. 
The principle under this condition is to burn when the adjacent ground 
and trees are damp but the center of the pile is still dry, will ignite 
readily, and will continue to burn. It is essential in piling slash that 
some of the finest and dryest material be placed in the center but 
where it can be reached with a torch and easily ignited. 

Piling and burning is a relatively expensive method of slash disposal, 
exact figures varying widely according to the difference in conditions 
and species to which it is applied. There are comparatively few forest 
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types where the fire danger justifies the expense of piling and burning 
or swamper burning all the slash. 

Swamper Burning of Slash, Another method of piling and burning 
slash, but in one rather than two operations, is termed swamper burn- 
ing. It is also known as progressive burning, burning as the logging 
proceeds, live burning, or forced burning — all these being names for 
the same general type of operation employed in different parts of this 
country or with some slight modifications. 

In swamper burning, fires are started in convenient places while 
active logging is still taking place on the area and the tops are thrown 
on these fires and consumed as they are piled. This, of course, may 
be done at the time the trees are felled and bucked-up, or it may be 
left until the logs have been skidded from the area. It should not be 
delayed too long, as handling the slash becomes more expensive as it 
dries out. On the whole, there are advantages to swamper burning 
which indicate its use in preference to the piling and burning method 
in many instances. While swamper burning costs slightly more than 
ordinary piling and burning it has the advantage of actually burning 
over less of the area and consequently also doing less damage to the 
reproduction and larger remaining trees (Munger and Westveld 1931; 
Anonymous 1934). Obviously the method cannot be used during the 
season of the year when it is not safe to start any fires. 

Broadcast Burning. This method, as its name implies, consists of 
setting fire to the slash and allowing the fire to run over the entire 
area. It is naturally the least expensive in direct cost of any of the 
slash-disposal methods costing only 2 to 5 cents per thousand feet board 
measure of logs cut. On the other hand, it is extremely destructive to 
the trees on the area and hence is suitable only to areas where clear- 
cutting has been practiced. The details of applying broadcast burning 
vary, but on the whole the method requires extremely careful and pre- 
cise planned work on the part of the organization doing the burning. 
The reason for this is that the method is potentially in itself a great 
source of combustion and it is quite possible that the fire running over 
the area may escape to the adjacent green forests. 

Fires should not be started directly on the edge of a clearcutting but 
preferably back far enough from the edge to create a draft inward and 
away from the surrounding timber. Only after these fires are well 
started should backfires be set at the edge of the clearing. 

Davis and Klehm (1939) working in the western white pine type 
advise the method termed ^^center burning^^ be used on flats and slopes 
up to 30 per cent. In this method, a series of fires is first set in a zone 



Fuel Reduction 


121 


through the center of the area. When they are burning well, a second 
series of fires is started 100 to 200 feet inside the boundaries of the 
clearcut area. The effect of center burning is to create an upward 
draft in the interior of the clearing which sucks the flames of the central 
fires as well as those from outer fires in toward the center rather than 
allowing them to blow toward the edges of the clearing. The fires grad- 
ually burn outward from the outside row of fires to the edges of the 
clearing, but because of the strong draft in the interior these fires do 
not seriously threaten the adjacent timber. 

On slopes steeper than 30 per cent, these same authors recommend 
setting fires in progressive strips. First, a narrow strip is burned off 
at the top of the slope, and then when this upper edge is well burned 
out, a second string of fires is set 100 to 200 feet lower down the slope. 
In this manner the entire clearcut area is progressively burned over. 

Broadcast burning is best done in the fall (Anonymous 1933) at the 
beginning of a rainy period when the body of the slash is thoroughly dry 
after being exposed throughout the summer, but the atmospheric mois- 
ture is relatively high and gives every indication of tending to become 
higher in the immediate future. The fires are set in the late afternoon 
or early evening. Pressure torches or portable flamethrowers will 
prove of value in getting plenty of fire started quickly, a factor that 
contributes to the prompt creation of the inward draft so essential to 
safe broadcast burning. 

Since broadcast burning is a menace to the surrounding timber, an 
adequate force of men equipped with firefighting tools should be on 
hand during the burning. In some forest types it may be necessary to 
construct fire lines in advance when broadcast burning is used. This is 
an expensive part of the method and should be kept to the lowest pos- 
sible minimum. However, with men skilled in broadcast burning there 
is often little need of constructing many fire lines. 

Broadcast burning will prove useful as a method of fuel reduction 
not only on clearcut areas with logging slash, but also on burned-over 
areas where a large volume of standing and fallen dead timber remains 
and on areas containing only decadent stands of undesirable trees, on 
which new plantings of better species are desired. The standing dead or 
living trees should be felled and then the entire area broadcast-burned. 
Areas of windthrown and insect-killed timber may be similarly treated, 
providing that reproduction has not already started. 

A modification of broadcast burning is known as “spot burning.’^ In 
this method, instead of burning over the entire area, only those patches 
where the slash lies densest are broadcast-burned. Elsewhere the slash 
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is left untreated. This method takes advantage of the low cost of 
broadcast burning and at the same time it does away with its unde- 
sirable feature of running a fire over the entire cutover area. A special 
adaptation of spot burning described by Colvill (1946) and Weaver 
(1946) is of particular interest because it introduces the element of 
mechanization in slash disposal with its usual attendant lowering of 
costs by using tractors equipped with slashbuncher-teeth blades to 
bunch the slash into compact piles. The cost of slash bunching with 
such tractors averaged around $8 per acre whereas hand piling under 
similar conditions may cost up to $15 per acre and includes only 
material under 4 inches in diameter. 

Lopping^ and Lopping and Scattering. Instead of being burned, the 
slash may be lopped into pieces of convenient size, and these may 
either be left as they fall or be scattered more or less uniformly over 
the area. This method does not accomplish an immediate reduction 
in the amount of inflammable material in the slash and hence is a less 
conservative measure from the fire standpoint. However, it is not 
without some value as regards fire control. The lopping of the slash 
into small pieces will enable firefighters to construct fire lines through 
the area more quickly and cheaply than if the material were left uncut. 
Sometimes slash, particularly of coniferous species, may rot faster when 
lopped and scattered in close contact with the ground. Thus, the 
hazard will be reduced more quickly than if no disposal at all is at- 
tempted. This method is best suited after partial cuttings and where 
a burning method is undesirable. It is at least half as expensive as 
piling and burning. 

Partial Disposal of Slash. The high cost of slash disposal by the 
methods so far considered (with the exception of broadcast burning on 
clearcut areas, a type that is usually very cheap) is so great that ways 
of reducing the cost have been sought. As the result partial-disposal 
methods have been developed and are being used on an increasing 
scale. The principle here involved is to obtain relatively complete 
disposal of the slash over a portion of the area, and to leave the slash 
untreated on the balance, which is usually from 75 to 90 per cent of 
the entire area. The average cost per acre of slash disposal by this 
plan is greatly reduced. Broadcast burning is so destructive of repro- 
duction and other standing timber as well as injurious to the soil that 
only rarely can this cheapest method of slash disposal be employed. 

The partial-disposal method advised (Munger and Westveld 1931, 
pp. 45-50) for the ponderosa pine region in eastern Oregon consi^t^ 
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of piling and burning the slash on approximately 15 per cent of the 
cutover area arranged in strips about 200 feet wide, gridironing the 
area into iuregular blocks. Strips of a similar width are treated along- 
side high-risk zones such as railroads, highways, and camps. Except 
on these strips the slash is left untouched. 

This disposal of slash on the ground is supplemented by a more in- 
tensive system of detection and patrol, and other arrangements for 
suppression than would otherwise be provided during the succeeding 
15 years needed for the untreated slash to decompose to a condition 
when it no longer need be considered dangerous. The costs of this 
partial-disposal method were estimated (based on labor wages pre- 
vailing around 1931) to be 22 cents per thousand feet board measure 
of logs cut. In this estimate there was a charge of 8 cents for the 
direct treatment of the slash and a charge of 14 cents to take care of 
the additional special protection measures lasting only 15 years. This 
cost of partial disposal stands in marked contrast to an estimated cost, 
also around 1931, of 45 cents per thousand feet board measure for 
piling and burning of all the slash. It is evident that the partial- 
disposal method cuts the cost in half and at the same time provides for 
better future protection of the area thus treated. 

FUEL MAPPING 

The Need for Mapping Forest Fuels 

The location, amount, type, and condition of the potential fuel in 
the forest are fundamental in the planning of all fire-control activities. 
Such information is needed, for example, in conducting any systematic 
effort to reduce the volume of inflammable materials by any one of 
the methods discussed in the foregoing section. The greatest value of 
this knowledge, however, lies in the fact that it enables one to esti- 
mate before a fire occurs, under a given degree of fire-danger class, 
the speed and strength of attack that will be needed to control the 
fire within the time standard in question (Hornby 1935). 

The Fuel Type 

Logically, information on fuel conditions for any specific forest area 
should be in the form of maps. This first necessitates a determination 
on what basis fuel conditions should be judged in the field with respect 
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to their effect on fire danger. For this purpose the relatively simple 
classification of inflammable materials in the forest as outlined in 
Chapter 4 (pages 39 to 41) cannot be used for several reasons. In the 
first place, with the possible exception of pure grass types, the fuels 
on forest areas are not homogeneous. At the very minimum they con- 
tain at least living trees and forest litter. In the overwhelming num- 
ber of cases other classes of fuels are included also, each of which has 
its own particular effect on fuel conditions. Secondly, even where there 
is uniformity in the classes of inflammable materials between forest 
areas any variations in amount and condition of the separate fuels 
destroys the comparability. Finally, as has been pointed out repeat- 
edly, fuels alone are not the sole criterion of fire behavior. 

That there is a direct correlation between fuel conditions and the 


rapidity of spread of fires has long been recognized. For this reason, 
the rate of spread was used in the first attempt by Show and Kotok 
(1929) to devise a workable index of fuel conditions for the northern 
California forest region. Using forest cover types as the index to fuel 
conditions which reflect to a high degree the many variables that to- 
gether determine fire behavior (the vegetation and its fuels, climate, 
and topography), they found from records of actual fires the following 
differences in the average rate of spread expressed as area burned over 
per hour: 


Rate of Spread in Acres 
Cover Type Burned per Hour 


Fir 1.07 

Mixed conifer 3.79 

Sugar pine-fir 4.33 

Ponderosa pine 8.18 

Douglas-fir 8 . 20 

Woodland 12.58 

Brush 13.79 

Grass 23.73 

Chaparral 55 . 00 


These figures illustrate very nicely how differences in fuel conditions 
are reflected in variations of fire behavior. The fir type with its deep 
duff fuel has characteristically slower-burning ground fires, whereas 
burning in the brush and chaparral types is largely through the tops 
of relatively low, highly inflammable hardwood crowns resulting in 
extremely rapidly advancing crown fires. The high rate of spread in 
the grass type is common for surface fires feeding on dry grass and 
weeds, whereas the relatively lower rate of spread in the conifer types 
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is usual for surface fires burning largely in needles and small branch- 
wood in contrast to a flashy fuel like grass. 

It will be noticed that Show and Kotok expressed rate of spread in 
terms of area burned over per hour. Although this method of indi- 
cating fire behavior proved exceedingly useful in setting up hour- 
control standards it loses sight of the very significant fact that work 
in eontrolling a fire is essentially confined to its edge or perimeter, and 
not to its interior or gross area. This fact, though dimly recognized 
in the past, was not emphasized until 1935 when Hornby (1935; 1936) 
developed a system of classifying and mapping fuels in the northern 
Rocky Mountain region. 

Hornby has indicated his principle of fuel classification clearly in 
the following statement: ^The rate a fire will spread determines how 
many chains of fire line will be produced per hour. The difficulty of 
fire fighting caused by slope and soil, together with amount, size, 
arrangement and species of fuel along the perimeter of the fire, deter- 
mines how many man-hours of work will be required for each chain 
of fire line. Evidently the man-hours per chain multiplied by the 
number of chains to be worked gives the fire fighting job to be done. 
Fuel maps will show, according to the mapping legend the probable 
rate of spread and the resistance to controV^ (Hornby 1935, p. 67). 

From this dual designation in classifying fuels has arisen the fuel- 
type concept which has been defined as ^^an area of vegetation having 
definite forest-fuel, topographic, and soil characteristics denoting a 
specific rate of spread of fire on an average bad fire day and a specific 
resistance to the constructing and holding of control line” {Forestry 
Terminology 1944). Its advantage over cover type as an index to 
fuel conditions is that attention is focused on the two cardinal factors 
affecting fire suppression — the rate of fire spread and the difficulty of 
suppression at that part of the fire where control action is largely con- 
centrated, the perimeter of the fire. 

From an analysis of the records of 8789 fires which burned in various 
forest types in the northern Rocky Mountain region between 1921 and 
1930, Hornby found that on average bad fire days (fire-danger class 5) 
the average rate of spread in perimeter ranged up to 18 chains per hour 
and that for the same burning condition the resistance to control in 
length of held fire line constructed per man-hour varied up to 3.2 
chains. Instead of associating timber types with their respective rate 
of spread and resistance to control, four classes of each of these varia- 
bles were recognized and values assigned to each class as shown in the 
table that follows. 
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Dual Classification of Fuels According to Probable Rate of Spread and 
Probable Resistance to Control on Average Bad Fire Days 
(Hornby 1936, p. 65) 


Rate of 

Increase in 
Perimeter in 

Resistance 

Length of Held Line 
Constructed in 
Chains per 

Spread 

Chains per Hour 

to Control 

Man-Hour 

Extreme 

18 

Extreme 

0.2 

High 

10 

High 

0.8 

Medium 

8 

Medium 

2.0 

Low 

6 

Low 

3.2 


Using this system, standard ratings were established for forty-three 
fuel conditions typical of the northern Rocky Mountain region as to 
probable rate of spread and probable resistance of fire to control. 
These standards were used in classifying and mapping the fuel types 
within the timber types on some 15,000,000 acres of national forest 
and cooperative forest lands in western Montana and northern Idaho. 
In rating the fuel types, the rate of spread was considered to be in- 
fluenced chiefly by four factors, namely, tree or brush cover, slope and 
topographic shelter, forest type, and previous burning, cutting, and 
blow-down. The important elements affecting resistance to control 
were indicated as the fine fuels present in standing green timber, snags, 
windfall, brush, and litter; the quantity, arrangement, size, species, 
and decay of such fuels; and the trenching and dirt-smothering chance 
as related to roots, soil, rocks, and slope conditions. 

The following examples of fuel types (Hornby 1936, p. 100) are given 
in order that the student may have a clearer understanding of Hornby’s 
dual classification system and also to show how variations in the fac- 
tors he stresses affecting rate of spread and resistance to control bring 
about changes in the rating of fuel types within the same forest types. 

As shown in the excerpt on page 127 from the standard fuel-types 
classification used in fire-control planning in the northern Rocky Moun- 
tain region, when a western white pine forest type, for example, occurs 
under climatic and vegetation conditions favoring low inflammability 
of fuels (flats and northeast slopes and dense stands with continuous 
ground cover) and the condition of the fuels is such as to present no 
particular difficulty to fire line construction (trees relatively free of 
moss and few snags) the area is designated as a low-low fuel type 
(Example 1). When all the above conditions remain constant with 
the exception of a change in the factors affecting fuel inflammability 
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(open stands with greater exposure to sun and wind) there is an in- 
crease in the potential rate of spread while the resistance to control 
remains as before. Therefore such an area is classified as a medium- 
low fuel type (Example 2). With additional adverse variations in 
climatic, vegetative, and topographic conditions, the rating progres- 
sively changes, indicating faster rates of spread and greater resistances 
to control, until finally a white pine type on an exposed southwest 
slope in which the mature timber has been injured by previous fire 
and having dense reproduction interspaced with much windfall ma- 
terial plus continuous decayed broom-topped snags is designated as 
an extreme-extreme fuel type (Example 7). 

Example Rate of Resistance 

Number Fuel Condition Spread to Control 

1 Mature larch-fir, white pine, or lodgepole pine on 

protected flats or northeast slopes, where wind- 
fall is light and not continuous; stand dense 
enough to shelter fuels on ground. Ground vege- 
tation conspicuously low shrubs throughout. 

Trees clean and snags few. Tree moss may be 

moderate L L 

2 If stand is exposed to almost full sun and wind has 

moderate access to ground M L 

3 If windfall and snags arc moderate but conspicuous 

and mixed with thin but continuous grass carpet 

and stand is exposed to wind and sun M M 

4 If windfall and snags are moderate to heavy, con- 

tinuous and intermixed with only scattered trees 
of the old stand, and reproduction docs not fully 
shade windfalls 

On protected NE slopes M H 

5 On exposed SW slopes H H 

6 If these same mature stands were burned over by 

light fire, or were heavily bug-killed, resulting in 
dense reproduction 20-30 years old, not com- 
pletely shading windfalls and mixed with very 
heavy accumulation of limby windfalls and con- 
tinuous rotten, broom-topped, or otherwise in- 
flammable snags 50-75 feet apart 
On protected NE slopes H E 

7 On exposed SW slopes E E 

E = extreme; H = high; M = medium; L = low. 

Hornby^s fuel-type concept is one of the mileposts in the scientific 
organization of forest fire control. Its principle has been universally 
adopted in this country in present-day national forest fire-control plan- 
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ning (Anonymous 19376, p. 138). However useful as fuel-type maps 
are to a fire-control organization, the large cost involved in securing 
the initial basic data plus the recurring cost of keeping such maps up 
to date have led many to question both the need and the justification 
of the degree of refinement employed by Hornby in classifying fuel 
conditions to a point where almost 50 standard fuel types are recog- 
nized in one forest region alone. That such refinement is not ap- 
parently needed in fire-control planning even in a region having a 
fire danger equal to, if not greater than, that of the northern Rocky 
Mountain region and a value of resources at stake far in excess of that 
region is illustrated by the fact that only six "‘fire-control zones” are 
used as basic fuel types in southern California. These fire-control 
zones are essentially broad botanical life zones, and, as Show et al. 
(1941, p. 1) state, the “Classification of land into significant fire- 
control zones is in sharp conflict with the system of classification by 
fuel types used in most other regions.” 

Aside from the northern Rocky Mountain region, where the forest 
areas have been classified into distinct fuel types, a relatively few 
standard fuel types typical of the area in question are used. These 
standards in most cases, especially in the East, are basically an adap- 
tation of previously prevailing recognized forest timber types. Thus, 
in the mountainous eastern national forest region only fourteen stand- 
ard fuel types are recognized (Jemison 1941), while five suffice in the 
pine region of southern New Jersey (Little 1945). 

Mapping Fuel Types 

As pointed out by Hornby (1936, pp. 89-108) fuel mapping is a 
highly responsible work because the correct planned suppression ac- 
tion depends to no small degree upon its accuracy. He also empha- 
sizes the fact that the best fuel mapper is one who has had consider- 
able experience in suppressing many small fires. Where a large num- 
ber of standard fuel types are involved it is of material assistance to 
the fuel-type mappers if pictorial material depicting representative 
samples of the various fuel types is available for reference. In this 
connection the northern Rocky Mountain region of the U. S. Forest 
Service has issued a pocket-size pictorial atlas of fuel types. 

The actual mapping of fuel types in the field is done by properly 
trained and qualified personnel who, from ocular inspection of the 
area bordering established routes of transportation or inspection from 
elevated points where close examination is impracticable, sketch in 
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the boundary lines of the fuel types on standard U.S.G.S. topographic 
sheets or other available base maps. The fuel conditions of the re- 
spective areas delimited as to the rate of spread and the resistance to 
control are indicated by a suitable mapping legend. The fuels should 
be rated as they will probably be 5 years after the examination, and 
10 acres is the smallest unit to which fuel types are shown on the maps. 

In the Lake states national forest region where timber-type maps 
are checked as to fuel-type conditions, one survey strip through a 
section has been found sufficient to furnish the basis for fuel-type 
maps (Anonymous 1937a, p. 6211). Matthews (1937) has suggested 
the use of small plots (milacre squares, 6.6 by 6.6 feet) in rating forest 
fuels. He states that from one to ten of these plots may be needed 
per acre, the number depending upon the size of the area being sampled 
and the uniformity of its fuels. It is highly problematical whether 
this method with the detail to which Matthews indicates the various 
fuel conditions are estimated will ever be used except to obtain data 
for the most intensive analysis of variables affecting fire behavior. 
Much more to the point from a practical consideration in fuel-type 
mapping is the recommendation by Lee (1941) of the use of aerial 
photographs supplemented by field checks much in the same manner 
as aerial timber surveys are made. He outlines methods of utilizing 
aerial photographs for both extensive and more intensive fuel-type 
surveys. 
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CHAPTER 


Presuppression: Fire-Danger Rating 

THE NEED FOR FIRE-DANGER RATING 

An important presuppression activity is the rating of fire danger and 
its current measurement. 

Within any given forest region the planned activities of a fire-control 
organization are based on a definite period of calendar dates which 
include the so-called normal fire season. Yet, in every forest region 
the greatest portion of the annual loss from fire takes place within a 
relatively small fraction of the fire season because at such times con- 
ditions are particularly favorable for the easy start and rapid spread 
of fires. The number of fires originating during these exceptionally 
dangerous periods may not be greater proportionally than during 
other parts of the fire season. However, the acreage burned over and 
damages resulting from such fires form the largest percentage of the 
annual total because of their more rapid spread and greater difficulty 
of control. 

The conditions which make possible the exceptionally dangerous 
periods during the fire season ordinarily develop suddenly, as for 
example the occurrence of dry lightning storms. Frequently their 
intensity is the result of the cumulative effect of a variety of interre- 
lated past events tending to increase forest inflammability such as pro- 
gressively higher daily air temperature and wind velocity accompanied 
by lower daily relative humidity. If fires are to be controlled promptly 
and kept small during such periods, a larger field force is needed than 
at other times during the field season. The maintenance throughout 
the entire fire season of an organization sufficiently large to cope with 
the peak periods of fire danger is financially prohibitive. Nor would 
this practice make for efficient expenditure of fire-control funds that 
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should be used commensurate with the degree of existing fire danger. 
Only on this equitable basis can the availability of sufficient men and 
adequate facilities be assured at all times during the fire season. 

To meet the situation imposed by variations in fire danger, the 
regular fire-control organization must be strengthened by bringing 
extra men into the forest for such emergencies or by shifting men from 
other work. In the East, where man power is usually readily avail- 
able and where transportation systems are so developed that all parts 
of the forest can be reached quickly, the increase in the field force 
may often be accomplished in time to meet the sudden development 
of dangerous fire conditions. In the West, however, where forested 
areas are less adequately supplied with the means of transportation 
and man-power resources, this is less readily achieved. 

Regardless of whether men and facilities can or cannot be placed 
promptly during the variable conditions of the fire season, a reliable 
means of evaluating current fire danger is necessary if its day-by-day 
fiuctuations are to be known. Such information is essential in the 
predictions of burning conditions and in setting up the standard of 
performance required of the field force. Estimates of current fire 
danger must be expressed in numerical classes having definite meaning 
and calling for definite action if they are to serve as the justification 
for releasing large sums of money for suppression on one forest area 
and withholding expenditures on another area. No standard method 
of rating fire danger was available prior to the time forest fire research 
developed methods for measuring the variables involved and devised 
a mechanism for integrating the net effect of these variables. 

THE PRINCIPLES OF FIRE-DANGER MEASUREMENT 

In Chapter 6 fire danger was defined and it was pointed out that 
fire danger is the resultant of both constant and variable factors. Of 
these two groups of factors, it is the variable ones — all weather ele- 
ments, fuel moisture content, and variable risks of ignition — ^that are 
of chief concern in planning current fire-control action. In the first 
place, these factors are the primary controls of fuel inflammability 
which in turn has such a marked influence on the rate of spread of 
a fire once it gets started. Secondly, they also are of importance to 
other phases of fire control, such as the effect of variations in atmos- 
pheric visibility upon detection. 

From the previous discussion of forest fuels it is evident that the 
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weather conditions are responsible for fluctuations in fuel moisture. 
Weather is, however, the resultant of many interrelated factors none 
of which when measured alone can be depended upon to be indicative 
of the existing fire danger. For instance, periods of high precipitation 
make forest fires impossible by making fuels so wet they cannot be 
ignited by ordinary firebrands. There may be thousands of cubic feet 
of fuel per acre, but unless its moisture content is suflSciently low it 
cannot be ignited and burned. Between periods of precipitation, how- 
ever, the effect of weather upon fuel moisture content depends not 
only upon the amount of the last rain but also upon the type of fuel 
itself and such other climatic factors as sunshine, temperature, rela- 
tive humidity, and wind. Under equal conditions, the rate at which 
moisture is lost by such light-weight fuels as dead grass, hardwood 
leaves, and pine needles is materially different from the rate at which 
the more massive fuels like heavier branchwood and logs lose their 
moisture. Once rain has ceased, the former class of fuel changes 
quickly in moisture content with changes in weather, while the latter 
classes, being relatively heavy, do not. The effect of each weather 
factor upon fuel moisture varies in importance depending upon its 
association with other factors. Under similarly high air temperatures, 
a low relative humidity is of greater significance in causing a reduc- 
tion in fuel moisture than a high relative humidity. Similarly, wind 
direction that is of such pronounced importance in certain portions of 
California, Oregon, and Washington is less markedly correlated with 
changes in fuel moisture in other forest regions. The relative impor- 
tance of these controls of fuel moisture must be evaluated in estimat- 
ing current fire danger. A knowledge of them is indispensable when 
applying weather forecasts to fire-danger estimates in order to arrive 
at predictions of burning conditions in the immediate future. 

The moisture content of fuels is a key fire-danger factor because it 
is the best single index to forest inflammability. It may be either 
estimated indirectly or measured directly. Since the weather controls 
forest fuel moisture, any of the important weather elements can be 
used to estimate it. By correlating fuel moisture data with various 
weather elements, indexes of fuel moisture content based on weather 
elements alone have been devised. The most commonly used are 
relative humidity alone or in combination with air temperature, evapo- 
ration rate, and the interval since last rain. These have been found 
to be fairly dependable for the light-weight fuels in which moisture 
changes quickly with variations in weather. Weather measurements 
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as indicators of fuel moisture content are, however, less satisfactory 
where the common fuel consists of heavier materials such as thick duff, 
branchwood, windfalls, and the like. For such fuels, direct measure- 
ments of moisture content made with either the duff hygrometer or 
fuel-moisture-indicator sticks have been found to give the desired 
degree of exactness. The latter are now preferred because of the rela- 
tive cost and difficulty of calibrating the duff hygrometer and its 
relative inaccuracy for moisture contents above 25 per cent. 

Two additional factors are usually included in rating fire danger. 
These are the condition of the vegetation and the season of the year. 
The condition of the vegetation expressed in terms of its relative 
greenness or vegetative stages is an important contributor to the in- 
tensity of fire danger. When grasses, weeds, and shrubs are green they 
tend to retard the rate at which fire spreads. When dry or in the 
cured stage their effect on fire danger is reversed. During the transi- 
tion stages, in the spring when vegetation is just coming up or in the 
late summer and early fall when it is curing, the effect on fire danger 
is intermediate. 

Season of the year is an indirect measure of both solar radiation and 
length of day, two factors having a decided effect on the drying rate 
of forest fuels and hence upon fire danger. The intensity of solar 
radiation varies with the calendar reaching its maximum in summer 
when the sun is at its zenith. In mountainous and hilly country in 
north latitudes the march of the sun toward and away from its zenith 
particularly effects the drying rate on north slopes. The length of day 
affects fire danger in two ways. First, during periods when days are 
long, forest fuels are exposed to more hours of the sun^s heating and 
drying effects. Second, under the long hours of sunlight during the 
summer months low fuel moisture conditions tend to be maintained 
for longer periods, thereby increasing the duration of dangerous fire 
conditions. 


FIRE-DANGER RATING SYSTEMS 

To date, three distinctly different methods of rating fire danger have 
been devised and used extensively. These are based upon the use of : 

1. Fire-danger meter method. 

2. Cumulative relative humidity method. 

3. Canadian fire-danger tables. 
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Fire-Danger Meter Method 

The first systematic method of measuring fire danger into specific 
classes and associating these with definite steps in fire-control organi- 
zation was developed in 1933 by Gisborne (19366). On the basis of 
intensive fire-weather research, studies on going fires, and analysis 
of fire records, six factors were selected as the must significant varia- 
bles affecting daily fire danger in the western white pine type of the 
northern Rocky Mountain region. These were as follows: 

1. Wind velocity, the weather factor having the greatest effect on 
rate of spread of fire. 

2. Fuel moisture content (as measured with a duff hygrometer or 
standard fuel-moisture-indicator stick), the most direct index of fuel 
inflammability. 

3. Relative humidity, the weather factor controlling the moisture 
content of such finer fuels as tree moss and dead grass when these are 
extremely dry. 

4. Calendar date within fire season, the indirect measure of the 
stage of growth of vegetation and the number of l.ours of dangerous 
burning weather prevailing. 

5. Visibility range, the detection factor directly determining the 
intensity of lookout station manning. 

6. Lightning, the principal fire-starting agency in the region. 

Various combinations of these fire-danger factors were worked out 

in such a way that they could be referred to a scale of fire danger hav- 
ing seven classes. This number was selected by Gisborne because it 
could be associated directly with the seven progressive stages in man- 
power placement of the regional fire-control plan. In addition it was 
found that fairly definite characteristics of fire behavior could be 
ascribed to each of such seven classes of danger. Thus, under fire- 
danger class 1 (the lowest) no men need be specially detailed to fire 
control because brush burning and other fires do not spread enough to 
require trenching. Under fire-danger class 7 (the highest) all avail- 
able man power and every economically justifiable step should be 
taken because of explosive fire conditions with fire spreading at rates 
up to 1500 to 2000 acres per hour on timbered north slopes of even 
density during afternoon and evening. 

The integration of the net effect of any combination of the six fire- 
danger factors expressed in terms of fire-danger class was accom- 
plished by a pocket-size cardboard slide-rule device, the fire-danger 
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meter proper. Manipulation of this ingenious device in determining 
class of fire danger required only two operations. On one side of the 
meter the correc. settings for visibility distance, calendar date, and 
lightning were made by moving two slides. On the reverse side, fire- 
danger class according to various combinations of fuel moisture con- 
tent and wind velocity was shown in addition to the special adjustment 
for low relative humidity and the usual organization according to class 
of fire danger. 

This method of rating fire danger enabled a fire-control organization 
for the first time to obtain dependable estimates of current fire danger 
from its different units which were comparable with each other. Fur- 
thermore, upon the receipt of weather forecasts for the territory, the 
degree of danger at the moment as indicated by the fire-danger meter 
being known, it was also now possible to estimate on a sound basis the 
fire danger on the following day and to take action accordingly. 

Gisborne^s principles of rating fire danger have been used largely 
in developing similar danger rating schemes in other forest regions so 
that the fire-danger meter or a comparable device has become the 
universal means of measuring fire danger on federal, state, and pri- 
vately protected forest lands in this country. 

Following quite closely the pattern of the original, other danger 
meters based principally on fire research at regional federal forest 
experiment stations have been perfected for each of the important 
forest regions. Since the effect of the individual weather elements 
upon fuel inflammability varies between regions there is necessarily 
considerable difference with respect to the weather factors used in 
these danger meters. All of them, however, include wind as a danger 
factor. Similarly, all use measured fuel moisture content or take this 
factor into account by amount and number of days since last rain. 
Integration of the combined factors used in the various meters is done 
either automatically as the values are applied or by means of a sepa- 
rate simple integration table. The table is employed with the so- 
called fire-danger board developed in the Pacific Northwest region 
which has the added public-relations feature of depicting the class of 
fire danger and the factors concerned by means of a suitable color 
scheme. There is, however, little uniformity with respect to the num- 
ber of danger classes used. These range in number from five in the 
case of the longleaf-slash pine and the Appalachian fire-danger meters 
to one hundred in the case of the latest model of the northern Rocky 
Mountain danger meter. Most of these meters have been fully de- 
scribed in the literature, and for a more detailed account of them the 
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reader is referred to the following: Matthews and Campbell 1939; 
Bickford and Bruce 1939; Brown and Davis 1939; Curry, Gray, and 
Funk 1940; and Jemison 1942. 

From the above discussion it is apparent that no single rating 
method based on common factors has been developed and that at 
present the use of the various danger meters is limited by regional 
forest boundaries. Likewise some of the early developed meters in- 
cluded factors which have no direct bearing on variable fire danger as 
now defined. This applies particularly to the use of visibility distance 
and to lightning. The lack of agreement has been a serious handicap 
in correlating fire-control work between states and regions by such 
agencies as the U. S. Forest Service and the National Park Service 
which handle forest lands in all regions. 

During the past decade one of the major developments in fire-danger 
meters has been centered around the problem of closer agreement as 
to the universally important fire-danger factors to be measured and 
the specific type of fire-danger indexes obtained by different combina- 
tions of such factors. As Jemison (1944) has pointed out in discussing 
fire-danger indexes the use of fire-danger ratings becomes most effec- 
tive when it is known exactly what kind of rating is involved and just 
how it must be modified to meet every need. 

From these efforts there has been evolved the commonly accepted 
concept that the burning index * is fundamental to every other type 
of danger rating. All of the fire-danger rating systems now in use 
by the U. S. Forest Service include a determination of burning index 
either by first integrating its factors on the danger meter proper before 
other fire-danger factors are applied (Region 5 danger meter), by 
means of separate burning-index tables (Region 6 burning-index 
tables), or from a separate burning-index meter (Region 1 burning- 
index meter) . 

Since burning index provides a useable measure of relative inflam- 
mability it may be used as a general guide to control measures that 
should be adopted. When correlated with additional factors, the burn- 
ing index produces four major types of fire-danger indexes, namely: 

1. Preparedness index (burning index plus risk and visibility) that 
merely shows the urgency of having men and equipment ready. The 
Region 1 fire-danger meter, model 6, is of this type. 

♦ Burning index is defined as a relative number denoting the combined evalua- 
tion of the relative inflammability of forest fuels and the rate of spread of fire in 
such fuels for specific combinations of fuel moisture content, herbaceous stage, 
and wind velocity. 
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2. Rate-of-spread index (burning index plus fuel type and topog- 
raphy) that shows for each combination of conditions the rate of 
increase in the perimeter of any fire that might start. The Region 1 
spread meter is an example (Sutliff 1937). 

3. Dispatcher’s index (rate-of-spread index plus travel time, resist- 
ance to control factors, and personnel factors influencing output of 
fire-line construction) that indicates the number of men needed for 
suppressing a fire under given conditions. The dispatcher meters of 
Sutliff (1937) and Mitchell (1942) follow this principle. 

4. Fire-line index (rate-of-spread index plus weather forecast) that, 
when used on an actual fire, indicates the rate of spread in the future. 

Cumulative Relative Humidity Method 

The cumulative relative humidity system developed by Shank 
(1935) for rating fire danger in the Intermountain region of the U. S. 
Forest Service has been superseded largely by fire-danger meters. 
However, it still is the outstanding example of utilizing a single easily 
measured weather factor as an index to forest inflammability. For 
this reason it is briefly discussed. 

Previous attempts to devise a reliable correlation between relative 
humidity and fire behavior were all based on studies of day-to-day 
records. Shank’s system differs radically from this conventional 
method. It is founded on the theory that fire behavior is more de- 
pendent upon the cumulative effect of relative humidity in the past 
than upon currently prevailing humidity. Accordingly, the first step 
is the establishment of a fixed base between relative humidity and 
initial fire-danger conditions ; this is obtained from an analysis of fire 
records and humidity on the corresponding days. Once this base rela- 
tive humidity has been determined, algebraic differences between it 
and current humidity are computed daily. These differences are ac- 
cumulated algebraically. When the cumulative excesses (plus) and 
deficiencies (minus) are plotted the resultant curve shows in a strik- 
ing manner the course of fire-danger intensity. As a guide to adminis- 
trative fire-control action this curve is used in conjunction with four 
cumulative relative humidity periods ranging from Period 1 (relatively 
safe conditions), when cumulative humidities are all in excess, to 
Period 4 (critical conditions) when cumulative humidities are minus 
121 or greater. 

The outstanding feature of this system is its simplicity with respect 
to the basic data required and the maintenance of the daily record. 
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The principle behind Shank’s method, although seemingly sound for the 
central Idaho region that has a fire season characterized by protracted 
low relative humidity and scanty precipitation, was found to have 
definite shortcomings. The most serious of these was a tendency of 
the curve to lag behind current burning conditions and the fact that 
the curve still indicated high humidity deficiencies even after the fire 
season was terminated by favorable weather conditions. 

Canadian Fire-Danger Tables 

In Canada, from the Rocky Mountains eastward, the rating of fire 
danger is based upon measurements of certain weather elements ap- 
plied to a series of fire-danger tables (Beall 1946). The present sys- 
tem is based largely upon the previous work of Wright (1932) who 
used evaporation rate as an index to fuel moisture content in similar 
tables. This factor has been eliminated and now only three instru- 
ments are essential in measuring the weather elements involved 
namely, a rain gauge, a wet- and dry-bulb psychrometer, and an 
anemometer. 

The Wright system of showing both fire hazard and fire danger on 
a single scale is still retained. As used in the Canadian system, the 
hazard index represents the fuel inflammability conditions in a par- 
ticular forest or fuel type, while danger index is the average of several 
types. The latter is actually an average hazard index intended as a 
guide to general forest inflammability conditions throughout a par- 
ticular forest region. This scale ranges from index 0, the safest condi- 
tions, to index 16, the worst possible conditions. Five zones of hazard 
and danger indexes are also recognized, from the nil zone (index 0), 
which calls for special fire-control action only in the event of recent 
thunderstorms, to the extreme zone (index 13 to 16) for which the 
greatest possible strength of a protection unit is indicated. 

The fire-danger tables consist of a series of four sets of charts as 
follows: 

1. Rainfall and dry weather tables. The former shows the wetting 
effect of rain upon the surface litter and the latter the effect of tem- 
perature, wind, and relative humidity upon fuel moisture. 

2. Drought table which evaluates the influence of the moisture con- 
tent of moss and windfalls upon forest inflammability. 

3. Fire-hazard tables for four separate fuel types: pine, cutover 
softwood slash areas, dry barrens and old burns bearing little or no 
tree growth, and pure grassland areas. 
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4. Fire-danger tables separately for eastern Canada generally, the 
Central Plains region, and the eastern slopes of the Rocky Mountains. 

Hazard- and danger-index values are obtained from these tables 
by first applying current measurements of relative humidity and wind 
velocity to the dry weather tables or the amount of precipitation to 
the rainfall tables, as the case may be, to secure what is termed a 
tracer index. Next, a drought index determined according to the 
amount of last precipitation is derived from the drought table. The 
tracer and drought indexes when applied to appropriate fire-danger 
and fire-hazard tables show the average regional fire danger as well 
as the individual fire hazard by fuel types within the same region. 

Fundamentally the Canadian method is a basic burning-index sys- 
tem since it takes into account only two variables of fire danger, fuel 
conditions and weather. Although the various tables are more trouble- 
some to use than simple cardboard devices of the fire-danger meters 
this system has several noteworthy features. In the first place only 
relatively simple weather measurements are needed, an important con- 
sideration where funds do not permit setting up a central agency to 
handle the work involved in connection with instruments for measuring 
fuel moisture directly. Secondly, both regional estimates of fire danger 
and estimates of fire danger separately by fuel types within the region 
can be secured from the same basic weather data. This feature should 
be particularly useful on protection units having extensive areas of 
radically different fuel types yet only one fire-danger station for an 
entire unit. 

FIRE-DANGER STATIONS 

The basic data needed in rating fire danger by any of the methods 
discussed are obtained at special forest meteorological stations known 
as fire-weather or fire-danger stations. These are commonly main- 
tained at primary lookout stations, ranger and guard stations, and 
experimental forest headquarters. Such stations are equipped with 
the instruments required to measure the meteorological and special 
fire-danger factors employed in the particular fire-danger rating 
system. 

Whenever possible, standard meteorological instruments are used in 
measuring weather elements (Gisborne 1936a). In this connection 
low-cost but dependable instruments have been devised for measuring 
precipitation, relative humidity, and wind velocity (Jemison 1942). 
Fuel moisture content is most commonly measured by fuel-moisture- 
indicator sticks (Gisborne 1933; Matthews 1935; Jemison 1942). In 
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the western regions of the United States ''triplet'' sticks (three %-inch 
cylinders of ponderosa pine about 20 inches long and doweled to- 
gether) are used; in the eastern regions the Appalachian type (three 
flat slats 18 inches long of basswood Venetian blind stock) is em- 
ployed. To determine the moisture content of these sticks they are 
weighed on either an ordinary balance or a special fuel-moisture scale 
(Byram 1940) . 

In addition, most fire-danger stations have an instrument shelter 
for housing such equipment as the fan psychrometer, the scale, the 
buzzer and batteries of the anemometer, and rain-gauge stick. 

The number of fire-danger stations required to sample adequately 
the major differences in weather conditions and fuel moisture depends 
primarily upon topography. Morris (1940) has shown that, princi- 
pally as the result of topography, a relatively large number of stations 
are needed in the Northwest to attain an accuracy even within 5 
miles per hour in mean daily maximum wind velocity. He also found 
this to be true with respect to attaining an accuracy of mean daily 
minimum fuel moisture within 2.5 per cent. In contrast, for the uni- 
formly level Southeast, Knorr (1942) indicates that a small number 
of stations are needed since no significant difference among stations 
was found regarding fuel moisture content. He points out, however, 
that even in the flat longleaf pine region there is sufficient variation in 
wind velocity to warrant running a series of wind velocities on tenta- 
tive sites in order to determine which one is representative of worse- 
than-average wind velocities before establishing a permanent fire- 
danger station. In the mountains of the East, Jemison (1942) believes 
that one station per 150,000 acres is enough to start with, whereas 
in certain parts of eastern and central Canada it has been found that 
if no point in an area is more than 25 miles from a fire-danger station 
very reliable results are obtained (Beall 1946). 

In establishing a fire-danger station due care is taken to select a 
site the surrounding vegetation and ground cover of which are typical 
of the general area. In order that measurements of fuel moisture and 
weather conditions, particularly wind velocity, will be truly represent- 
ative of the immediate surroundings, in mountainous country consid- 
eration must be given to the effect of altitude and aspect on fire danger. 
In this connection the studies made by Hayes (1944) are particularly 
instructive. For northern Idaho conditions, he concludes that single 
measurements of fuel moisture and wind velocity taken daily at noon 
at either a valley-bottom or a south-slope station are adequate for 
rating fire danger. 
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Since fire-control planning commonly contemplates a field organi- 
zation capable of suppressing all fires except those that might start 
in the worst fuels under the most severe burning conditions, the proper 
exposure of instruments at fire-danger stations is extremely important. 
While uniform exposure of fuel-moisture-indicator sticks is highly de- 
sirable, measurements of fuel moisture made in full sun are avoided 
because they represent the extreme of danger. When the sticks are 
fully exposed in the interest of comparability between stations, they 
are sometimes covered by wire screens to simulate the degree of shade 
produced by the forest canopy. This is the uniform practice employed 
at the fire-danger stations in the coniferous forests of the northern 
Rocky Mountain region (Gisborne 1936a). In hardwood forests 
similar comparability is largely taken care of by the essentially full 
exposure of the area to the sun during the leafless season and the com- 
plete shade during the summer. Standards of exposure are usually 
adhered to in placing the instruments measuring wind velocity and 
precipitation. Anemometers are supported at a standard 8-foot level 
so placed as to receive winds from every direction or at least the pre- 
vailing daytime direction. Rain gauges are located in openings in the 
forest or in nearby clearings where a 45° angle from the top of the 
gauge clears the nearest obstacle. When measured, air temperature 
and relative humidity are taken within the instrument shelter proper 
which has its door facing toward the north to prevent the sun^s rays 
from falling upon the thermometers of the fan psychrometer. 

From one to three daily observations at stated hours (commonly 
8 A.M., 2 P.M., and 5 p.m, local time) are recorded at fire-danger sta- 
tions. When only one daily observation is made the preferable period 
is between 2 p.m. and 5 p.m. This normally coincides with the lowest 
daily fuel moisture value. In applying the recorded observations of 
fuel moisture and wind velocities to fire-danger meters and similar 
devices for estimating the class of fire danger a standard practice at 
stations making three daily observations is to use the lowest fuel 
moisture and the average of the two afternoon wind velocities for the 
day. After the daily rating of fire danger has been computed, it is 
transmitted along with the other recorded observations to the dis- 
patcher or ranger charged with assembling, summarizing, and keeping 
an up-to-date record of fire danger on his protection unit. The keeping 
of such a record is important and should not be neglected since the data 
have permanent value. 
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APPLICATION IN FIRE-CONTROL ACTIVITIES 

The original purpose of the various systems of measuring fire danger 
was largely directed toward providing a dependable scale of current 
forest inflammability which could be used as a guide to the possible 
fire-suppression load. Experience with such fire-danger ratings has 
shown, however, that they are of help in all phases of fire-control work. 
Jemison (1942) and Beall (1946) have listed these in detail. The most 
important of these uses are summarized below. 

Application in Prevention 

1. As a basis of warnings issued as press releases and radio bulletins 
directed toward educating the public to care with fire during periods 
of high fire danger. 

2. As a guide in enforcing regulatory prevention measures such as 
the closure and reopening of forest areas to public travel and industrial 
operations, restrictions on smoking, and the issuing and cancellation of 
brush-burning and camp-fire permits. 

3. As a means of testing the effectiveness of fire prevention programs 
which must take into account the variations in fire danger existing 
during the campaign. 

Application in Presuppression 

1. As an index to unseasonable periods of fire danger thereby 
enabling the fire-control organization to be prepared when such off- 
season emergencies occur. 

2. As a measure in regulating the size of the presuppression organi- 
zation as weather and other temporary aspects of fire-danger change 
during the normal fire season. 

3. As a basis in making comparisons of the severity of fire seasons 
for any one fire-control unit, in judging efficiency between different 
protection units, and in determining man-power and financial needs 
between several fire-control units. 

4. As an aid to new men and also the more experienced in gaining a 
rapid knowledge of the particular fire job. 
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Application in Suppression 

1. As a guide to the dispatching to fires of the number of men com- 
mensurate with the intensity of fire danger. 

2. As an aid, when used in conjunction with weather forecasts, to fire 
bosses in determining the best methods of controlling a fire, the addi- 
tional man power required, and the reduction in man power as fire 
danger decreases. 

3. As an indication of fire intensity and hence severity of damage 
to be expected, fire-danger ratings are of value in making damage 
appraisals. 
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CHAPTER 


Presuppression: Fire-Control Policy and 
Objectives 

FIRE PLANS 

All fire-control activities require planning as the basis for effective 
accomplishment. Proper balance and coordination must be provided 
for between all the various fire-control activities. The problem as a 
whole must be visualized before the emphasis to be given each detail 
can be correctly evaluated. As the name implies, a fire plan is simply 
a proposed method of action against fires. It should be drawn up by 
the most competent man who is familiar with the unit for which the 
plan is made. In some cases there may be no written transcript of the 
fire plan which is in effect. Such a situation may be workable for a 
small tract but becomes less and less desirable as the size of the unit 
protected increases. Fire plans are ordinarily subject to revision each 
year, although many activities such as construction of the transporta- 
tion and communication systems and the network of lookout stations 
may be planned for several years ahead. 

The basis for a fire plan is found in the fire history of the property. 
That portion of the fire history of a tract which concerns the imme- 
diate past (for example, the past 10 years) is of the greatest value as 
the foundation for a fire plan. Earlier happenings and conditions, 
particularly if authenticated by records, may prove instructive in fur- 
nishing comparisons. All records of the past (recent or ancient), when 
used as aids in planning for protection in the immediate future, must 
be carefully appraised in the light of existing conditions and tendencies, 
for the past is not always an infallible index of the future. Fire history 
is recorded mainly in the form of forest fire statistics giving the num- 
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ber, causes, locations, time of occurrence, character, damage, and size 
together with records of elapsed time (from origin to time of attack), 
and methods and costs of fighting. Records of weather, fire danger, 
physical development of the forest, economic and social conditions of 
the region, and status of the fire-control system are essential facts as- 
sisting in interpretation of the fire history. 

The investigation of fire causes together with the seasonal and 
regional distribution of fires is particularly enlightening. This logi- 
cally includes a careful study of the local residents and the users of 
the forest to learn their habits in the forest and to appraise them as 
potential sources of fires. 

Since the fire history is the basis for planning fire control, provision 
should be made for continuing and constantly improving the gathering 
of statistics. The importance of accurate, detailed, complete reports 
on individual fires can scarcely be overemphasized. Such reports form 
the basis for the fire history of a forest and for fire-control planning. 
The points to be covered in compiling a full report on a forest fire are 
listed and well discussed in the instructions issued by the U. S. Forest 
Service for the preparation of their Form 929, Individual Fire Report 
(Anonymous 1942). 

Forest fire statistics should be kept separately for each forest-pro- 
tection unit because of the radical differences in the fire situation that 
may exist in neighboring units. Time should be spent each year in 
reviewing the fire records of the preceding year. One of the most 
valuable uses of this material is to study critically the record of each 
individual bad fire, endeavoring to determine the specific errors or 
omissions in prevention, presuppression, and suppression that were ac- 
countable for the size and destructiveness of the fire. Fire statistics 
are the chief source of information for determining the hour control 
needed for the various forest or fuel types. In fact, without adequate 
statistical data it is impossible to obtain a sound basis for hour-control 
standards. 

In preparing a fire plan all available data concerning the above- 
mentioned subjects should be assembled and analyzed. Most of the 
material can be shown and studied to best advantage in the form of 
maps, charts, and tables. As a result of this analytical study, tempered 
with sound judgment, the plan of action is formulated and elaborated 
in all necessary detail. The amount of detail justified depends upon 
the importance of the fire-control problem on the particular forest 
involved. 
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Fire plans should be made separately for each area which functions 
as an administrative unit in fire control. If the forest property is large, 
several administrative units each with its own individual fire plan may 
comprise a larger unit with a general fire plan or policy of fire control 
emphasizing the broader features of fire control. The national forests 
with several ranger districts (each having a fire plan), making up one 
national forest containing about 1,000,000 to 2,000,000 acres, and sev- 
eral national forests joined together in one national forest region, cover- 
ing one or more states, furnish an example of this system. 

An outstanding example of a fire plan for a region is the one made 
by Hornby (1936) for the northern Rocky Mountain region. Another 
example is the report of Show et al. (1941) entitled ^^A planning basis 
for adequate fire control on the southern California national forests.^’ 
Southern California is a region having both an exceptionally high fire 
danger and a tremendous value of resources at stake (watershed pro- 
tection). Intensive fire control is imperative. The methods and ap- 
proaches to the problem developed in these reports should be studied 
by those interested in fire-control planning. 

Finally, the numerous national forests over the whole country all 
work under the same general policy of fire control. 

In states where a large share of the forest land is owned in small 
holdings it is frequently too costly to protect each holding as a sepa- 
rate unit with its own fire plan. Here the state must step in and pro- 
vide a state-wide organization and policy for fire control which the 
small owners individually cannot afford. In most instances the state 
finds it more effective to divide the total area into districts each con- 
taining several hundred thousand acres. 

Another way of overcoming the difficulties which small forest land- 
owners have in planning for fire control is through the organization of 
cooperative forest fire protection associations. Landowners within a 
given region may for fire-control purposes throw their lands together, 
levy an annual assessment on the basis of acreage, and organize fire 
control for the entire area. In most cases these associations receive 
help in one form or another from the state forestry departments toward 
strengthening the protection. 

One difficulty often encountered by these associations is that some 
forest landowners within the region protected refuse to join, and yet the 
location of these properties with reference to the lands of the members 
forces the association members for their own safety to protect the lands 
of the nonmembers. This should be remedied (as already has been 
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done in some states) by making it compulsory for the private owner 
to protect his own lands or pay the state for so doing. 

Tracts on which logging on a large scale is in progress during the 
fire season usually have a high fire risk and hazard. On such areas 
special planning to cope with the situation is needed. The points which 
should be covered in a fire plan for a logging operation are suggested 
in the Pocket Manual on Forest Laws and Practice for the Douglas Fir 
Region (Anonymous 1941), and in Prevention of fire in logging ojpera- 
tions (Joy et al. 1942). 

What might be termed the master plan for state and private forest 
lands in the United States is the line of action built up as a result of 
the Clarke-McNary law in 1924. Under this law the federal govern- 
ment was authorized to assist in the protection of private lands. The 
U. S. Forest Service, which had already demonstrated its ability to 
function effectively in controlling fire on the national forests, was 
given charge of applying the Clarke-McNary law. The individual 
states were to administer the law within their territory. The money 
spent in a given state by the federal government could not exceed the 
sum spent by private owners and the state. In other words the federal 
government could pay up to half the total costs while the state and 
private interests divided the balance between them. The passage of 
the Clarke-McNary law was a formal step in fire control, strengthen- 
ing and standardizing the fire-control activities of the state and private 
owners. As yet the appropriations made by the federal government 
under this law have not been large enough to meet the need. 

FIRE-CONTROL POLICY 

Fire-control planners, of whatever grade they may be, require an 
objective or goal at which to shoot. The objective in general terms 
is to control forest fires. This does not imply entire exclusion of fire 
(Beichler 1940), but does imply that fire be controlled and its use 
properly governed. Complete exclusion of fire from the forest as a 
practical measure is impossible, even if it were advisable, and should 
not be considered the objective in fire control. 

If complete exclusion of fire from the forest is not the objective, what 
should it be? How much money can justifiably be spent on fire control 
and how the money available should be allocated to the different units 
in the organization are constantly recurring questions. 

Sparhawk (1925) carried on a study to find a scientific method for 
determining first how much money the federal government was justified 
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in spending for fire protection on the national forests and second a basis 
for distributing funds to different units. The inadequacy of statistical 
data available at that time prevented satisfactory solution of the 
problem. 

When fire control is first undertaken on any area it is logical to as- 
sume that at least such an amount may be spent on fire control (plus 
losses in spite of fire control) as does not exceed the present total of 
fire suppression costs plus fire losses. Under this plan the cost plus 
damage will be at least no greater with protection than before protec- 
tion and the forest will be kept in better condition. Experience has 
proved, and the fact is now generally accepted, that, by increasing the 
amount spent for fire prevention and for presuppression, and adding 
the suppression costs and fire damage, the total will be less than the 
sum of the large suppression costs and damage consequent upon the 
numerous and large fires resulting through failure to develop ade- 
quately fire prevention measures and presuppression activities. 

Furthermore forest production will be stimulated by spending funds 
in preventive measures and presuppression activities instead of the 
alternative course of allowing an equal or larger value to burn up. 
One practical difficulty in applying this principle arises because the 
money value of fire damage is exceedingly hard to determine * because 
present injuries to trees result in future losses of unknown extent and 
so much of the injury is to forest growth too small to have any present 
marketable value. 

If expenditures for prevention and presuppression are constantly 
increased there doubtless will come a time under the law of diminishing 
returns when decreases in costs plus danger cease to be effected. This 
point has been reached by few if any fire-control organizations. When 
it is reached, the acreage burned over and consequent damage may be 
so small as to justify no further increase in expenditures. On the other 

♦ This difficulty has been partly overcome by using all available forest fire sta- 
tistics to prepare tables of arbitrarily fixed values for damage to stands of different 
types, age classes, and conditions. These arbitrarily assigned values serve well 
from the administrative standpoint in furnishing a uniform method of apprais- 
ing damage and thereby securing good comparable results over all the territory 
covered. Damage appraisals are also needed for the purpose of settling claims 
for loss sustained in individual fires. Here the expensive process of examining 
the burned-over area, making an inventory of the damage, and appraising this 
damage in terms of its present financial value must be undertaken. Except where 
values of merchantable timber before and after the fire are concerned such esti- 
mates for the damage on the same fire will vary widely with the estimator and 
depend for their accuracy upon his common sense and experience. So many 
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hand, it may be found advisable to reduce the damage still further by 
additional expenditures for prevention and presuppression. While the 
necessary experience is lacking, it is anticipated that, as the number of 
fires and their average size are decreased, a point will be reached be- 
yond which it becomes disproportionately expensive further to reduce 
number and size of fires. However, larger expenditures than those 
made today (up to some as yet undetermined point) for prevention 
and presuppression activities are justified as tending to reduce suppres- 
sion costs and damage. 

The earlier fire-control policy of the U. S. Forest Service, applied 
on the national forests (Loveridge 1944), called for holding total costs 
of prevention, presuppression, and suppression plus the value of the 
damage down to a minimum. The trouble with this policy was that 
there was no definite knowledge as to the amount of damage. Damage 
was usually figured altogether too low, and particularly where in- 
tangible values were at stake the tendency was to use small amounts 
of money on prevention and presuppression work. This resulted fre- 
quently in very large costs for suppression. The policy might be termed 
a ^4et-burn^' policy. Oftentimes low-value stands were allowed to 
burn over particularly when they were in the back country and rela- 
tively inaccessible. This policy did not produce very disastrous 
results, except in the 1910 fires, so long as the wet-weather cycle con- 
tinued, but by 1917 the dry phase of the weather cycle became evident 
and this dry phase continued for more than 20 years. Frequently dis- 
astrous fires occurred. The old policy usually allowed only small crews 
for the fires that occurred in relatively inaccessible country. If such 
fires could not be put out in this way they were herded toward low- 
value country and allowed to burn until fall rains came and put out 
the fires. Even though this policy was followed tremendous areas were 

factors of unknown value enter into such appraisals that their usefulness for 
estimating damage for fire-control purposes does not justify the time spent in 
preparing them. Hence the method of arbitrarily assigning fixed values for 
different classes of damages is preferable in dealing with fire-control costs. 

Noteworthy efforts are being made to increase the reliability of such arbi- 
trarily fixed damage value data by intensive fire damage studies which not only 
evaluate damage in terms of outright killing but also estimate subsequent losses 
due to delayed mortality as well as losses occurring as the result of fire-scarred 
trees being attacked by insects and decay-causing organisms. An interesting and 
valuable innovation which should lead to more accurate damage appraisals by 
these latest forest fire research efforts is the evaluation of intensity of burning 
conditions at the time of fire occurrence by the use of local measured fire-danger 
ratings (Stickel, undated; Mitchell 1938; Barrett, Jemison, and Keetch 1941). 
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burned over and costs of suppression were very high. This can be seen 
from the following data which are only for the western national forests 
in Loveridge^s article: 

Wet-Cycle Dry-Cycle Years 
Years 1919, 1924, 1926, 

1911-1916 Incl. 1929, 1931, 1934 
Number of *‘bad fire years’^ 0 6 

Average acreage burned annually 352,921 980,214 

Average annual special suppression 
expenditures $224,843 $2,626,240 

Bad blow-ups became frequent, and it was soon evident that some- 
thing had to be done to strengthen the preparedness features of the 
program. 

About this time Show and Kotok (1930) had brought out the relation 
which existed between the percentage of Class C fires and the total area 
burned. They stressed the importance of speed of control and pre- 
dicted that, if all fires were strongly and promptly attacked, the results 
as a whole would be much better. This idea was finally tried out in the 
Southwestern region, with the following results: 

Under Previous Under Tight 
Policy Control Policy 
1921-1925 1926-1930 

Average acreage burned annually 18,146 6,290 

Average annual special suppression costs $57,814 $55,125 

The good results obtained in the Southwestern region led the U. S. 
Forest Service to authorize a much more liberal use of emergency funds 
for prevention and presuppression activities. This was particularly 
true in the western white pine region. 

However, although this was started in 1926 no decided change in 
the suppression policy was made until after the bad year of 1934. Then 
at a winter meeting in the early part of 1935 the policy was thoroughly 
gone over and changed. The fact was recognized that inaccessibility 
and low value were relative terms which changed with the passage of 
time. It was realized that intangible forest values had not been fully 
appreciated and that fires in low-value country frequently spread over 
into stands of exceedingly high value. That ultimate cost of suppress- 
ing one large fire is often greater than the cost of suppressing a multi- 
tude of small ones also became apparent. As a result the let-burn 
policy was given up and it was decided to attack all fires no matter 
where they were located with fast, energetic fire-suppression methods. 
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The effort should be made to control the fire within the first work- 
period; if this failed, then within the next work-period, and so on (a 
fire suppression work-period begins at 10 a.m. and runs for 24 hours). 
The policy was put into force in 1935 with excellent results of which 
the following figures for the western national forest regions are a 
sample: 

1926-1934 1935-1943 

Average acreage burned annually 455,350 141,975 

(0.1 per cent of the area 
under protection) 

Average annual special suppression costs $1,860, 026 $1,954,401 

Furthermore, since the policy went into effect not a single blow-up 
fire of long duration had occurred (1935-1943) in the national forests 
of the West. 

The 1935 fire-control policy was established by a circular letter of 
The Forester, dated May 7, 1935, and is here quoted from Journal of 
Forestry 42, pages 552-553: 

The approved protection policy on the national forests calls for fast, ener- 
getic and thorough suppression of all fires in all locations, during possibly 
dangerous fire weather. 

When immediate control is not thus attained, the policy then calls for 
prompt calculating of the problems of the existing situation and probabili- 
ties of spread, and organizing to control every such fire within the first 
work period. Failing in this effort the attack each succeeding day will be 
planned and executed with the aim, without reservation, of obtaining con- 
trol before ten o’clock the next morning. 

In order to bring out the policy in sharp relief for discussion by the Con- 
ference all written interpretative material was stripped from it. However, 
I believe it is now time for Operation to issue such instructions as may 
seem necessary to have the policy put into full effect during the coming fire 
season. These will be sent you within the next few days. 

I am confident that the sum total of costs plus losses of all classes will be 
lower in the long run under this policy than they have been under com- 
parable conditions heretofore. To this end, I am adding the following notes 
for consideration in placing it into effect: 

It may not be clear from the wording of the policy but it is obvious, 
nevertheless, that the objective sought also projects that policy into pre- 
suppression since only by strengthening the presuppression forces in some 
quarters can the action contemplated be realized. This may call for in- 
creasing the standard of detection; plugging holes with additional fireman 
where so-called fireman or smokechaser travel time is known to be longer 
than limits of safety; advanced placement of trained fire suppression crews 
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to be held at carefully selected travel time limit centers. After full use of 
CCC, PWA, improvement and similar available man power, these addi- 
tional presuppression sources likely can be provided in the main only by 
drawing upon FF. To the extent that carefully thought out plans make 
this necessary, you are authorized to draw upon funds from that source to 
enable the building up of the presuppression forces to required strength. 

Subject to the action required to meet the above quoted policy, expendi- 
tures for preparedness and suppression will be held to the absolute minimum, 
and will vary with the total of the tangible and intangible values endangered ; 
being higher, if necessary, where values are high than in areas where values 
are low. In lower value country this may call for dropping back to more 
easily held lines no great distance from the fire front and from these lines 
taking definite and prompt action to extinguish the fire. In such country 
lower expenditures will also be expected for firebreaks and other types of 
improvements, than would be justified were higher values involved. 

No fixed rule can be given to meet every situation; the spirit implied in 
the policy itself will determine the action to be taken in doubtful situations. 

Another illustration of the saving realized through carefully planned 
and efficiently organized fire control is furnished by Gisborne (1940). 
He compares 5,000,000 acres in the Kaniksu and Kootenai National 
Forests with a similar area just north across the Canadian line. The 
two national forests had 521 lightning fires between July 12 and 21, 
1939, and all were put out in not over 3 to 4 days after origin. Canada 
had 185 fires reported and some were still burning on September 1. The 
national forests in question had 214 men including 90 lookouts on duty 
July 12, while Canada had only 47 trained men not so well distributed. 

The Kaniksu and Kootenai spent $197,000 in suppression and had 
5826 acres burned over with a damage of $1.75 per acre, a total of 
$10,000. Canada had 220,000 acres burned over by 12 fires still burn- 
ing on August 20 with damages estimated at the same rate ($1.75 per 
acre). The loss amounted to $385,000 plus agricultural and property 
damages of at least $30,000 more. The Canadians spent $49,000 in 
fighting these fires, making a grand total of at least $480,000. No 
recreation or watershed damages are included. 

Fire-control costs in the early stages of forestry may form a sub- 
stantial part of the cost of growing timber, and the advantage to be 
gained by any increase in such costs must be carefully appraised. In 
this connection consideration must be given not only to the tangible 
value of the timber but also to the intangible value of the forest cover 
which though difficult to express in dollars and cents is nevertheless of 
importance. 
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F orestry and fire control are still in the early stages of development. 
Old customs must be changed, new viewpoints introduced, and organi- 
zation for production and protection planned and put to work. For the 
next few decades the costs of fire control are likely to be more burden- 
some than later on even though total amounts spent may be greater 
then. Some of the expenses, such as those for the reduction of hazards, 
will be eliminated or greatly lessened when the present virgin stands 
and extensive areas of cutover lands are replaced by thrifty, fully 
stocked second growth. The business development of the property will 
result in having a larger and better-trained personnel permanently 
employed in the forest with a relatively small part of their cost charge- 
able to fire control. More intensive development of the transportation 
system (primarily for other purposes rather than for fire control and 
thus not chargeable to the latter), will permit quicker access to fires 
and hence lower suppression costs and acreage burned. Fire prevention 
efforts steadily applied over a period of years may finally result in a 
more conservative public sentiment and a reduction in the risk of man- 
caused fires. The forest itself because of its denser stocking of trees 
and lesser amounts of undergrowth may be less inflammable and 
cheaper to protect. 

OBJECTIVES 

The foregoing paragraphs have indicated the advisability of and 
justification for increasing the intensity of fire-control activities but 
have not answered the question as to what is adequate fire protection 
and by what standard such protection should be measured. The phrase 
adequate fire protection used in the Clarke-McNary law and elsewhere, 
as a criterion of the protection which should be provided, is subject to 
various interpretations, yet in all cases fire protection to be adequate 
must, without unreasonable cost, hold damage from fire at a low enough 
figure to insure accomplishment of the purposes for which the forest is 
maintained. Adequate protection is defined (Anonymous 1930) as 
^That which results in the minimum total of damage, i.e., cost of protec- 
tion, plus damage, with indirect losses, reductions in value to the public, 
as by the burning of watersheds, etc., included. This is theoretically 
sound but nevertheless intangible, as the minimum total can be known 
only after decades of practice. 

Since it is impossible under present conditions to determine tangible 
and intangible fire damage accurately, the percentage which the area 
actually burned over forms of the total area protected has been taken 
as a standard. In applying this percentage as a standard to measure 
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adequate fire protection, an arbitrary percentage of ‘^allowable burn^’ 
is set up for the territory in question. In deciding upon a figure of 
allowable burn for a given area the criterion used is the maximum 
amount of injury that the forest can endure without serious inter- 
ference with the purposes of management. If the area actually burned 
over annually equals or is less than the allowable burn, protection is 
said to be adequate; if higher than the allowable burn, the situation is 
not satisfactory. Allowable burn makes an excellent standard not only 
because it is a good gauge of the degree of protection but also because 
it is quickly computed and makes comparisons easy between different 
areas. 

At first the percentage of allowable burn was fixed in an arbitrary 
manner for each region considered and was customarily set somewhat 
lower than was at that moment being obtained as a result of existing 
protection efforts but yet within the possibility of attainment. In 
other words the standard was set up as a goal for the organization to 
reach. Presumably when this goal was reached a new and more exact- 
ing standard of allowable burn would be set up. Since a wide varia- 
tion in forest, climatic, population, and other conditions affecting fire 
danger as well as different degrees of advancement in fire control exist 
throughout the country not all standards of allowable burn could be set 
at the same figure. For example, in the western white pine region Koch 
and Cunningham (1927, p. 12) suggested an allowable burn of 0.25 per 
cent; in the Lake states, Zon (1928) considered that 0.5 per cent repre- 
sented highly effective fire protection, because of the fact that in the 
Lake states during the decade 1916-1925 approximately 2 per cent of 
the area under protection was annually burned over. 

Standards of allowable burn set in this way are likely to be over- 
influenced by the existing efficiency of fire control as expressed in the 
actual percentage of burned areas and underinfluenced by the basic fire 
danger arising primarily from forest and climatic conditions. Show 
et al. (1941, p. 36) as a result of careful analysis concluded that in the 
national forests of southern California '^an absolute maximum fire of 
not over 2000 acres should be the goal, that with expected increased 
efficiency this corresponds to, or will be associated with a general pro- 
tection level allowing not over 0.15 of 1 per cent average annual burn 
on the entire national forest protected area.^^ 

In order to obtain a more logical basis for setting these allowable- 
bum standards than had at first been employed, the U. S. Forest Service 
worked up a set of comparable, allowable-bum percentages for each of 
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the more important forest types (Kotok, Kelley, and Evans 1933, pp. 
1397-1398) . Pines and spruce were considered the types most seriously 
damaged by fire and were arbitrarily given allowable-burn standards 
of 0.1 per cent as a starting point for rating the other types. The fig- 
ures are shown in the next table. In deciding upon the percentages, four 
points were considered as follows: damage to timber and other forest 
values, damage to the productivity of the land, difficulty of reestablish- 
ing a forest after fire, and effect of fire on difficulty of future protection. 

From the standards for the individual types an average value for 
each tract or region can be worked out and the objective for that area 
indicated. Objectives thus secured for broad regions and ownership 
classes are shown in the table on page 158 together with the ratio of 
actual burn to allowable burn. From these figures it is plainly seen 
that actual performance at that time (1933) was far below the stand- 
ards set for adequate protection. 


Indexes of Effective Fire Control for Various Forest Types 
(Taken from A National Plan for American Forestry ^ p. 1399) 


Type 

Annual Allowable 
Burn, Per Cent 

White pine 

0.1 

Spruce 

0.1 

Douglas-fir 

0.2-0. 3 

Larch-fir 

0.25 

Larch-fir-white pine 

0.15 

True fir 

0.2-0. 3 

Ponderosa pine 

0.3 

Mixed conifers (Calif.) 

0.3 

Lodgepole pine 

1 

Jack pine 

0.5 

Norway pine 

0.3 

Shortleaf pine 

1 

Loblolly pine 

1 

Slash pine 

0.7 

Sand pine 

1 

Longleaf pine 

3 

Northern hardwood 

0.2 

Appalachian hardwood 

0.5 

Bottomland hardwood 

0.2 

Oklahoma hardwood 

1 

Aspen 

0.7 

Noncommercial forests 

2 

Brush and nontimbered 

2.5 

Watersheds 

0.4-2. 5 

Recreation values 

0 -0.5 
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When an attempt is made to attain the allowable-burn objective in a 
given forest type the factor which immediately stands out as critical is 
speed of attack. Fires must be reached quickly or the area burned 
mounts up unduly. The time within which fires must be reached in 
each type, in order to attain the allowable-burn objective, should be 
determined and then arrangements made for an organization which will 
reach the fires within the times designated. In other words, the proper 
hour control must be learned and then put into effect. The study of 
hour control was mentioned on page 91 as part of presuppression ac- 
tivity, but its importance in securing adequate protection should be 
emphasized here. 

Objectives in Fire Control on National Forest and State and 
Private Forest Land, by Regions 
(Taken from A National Plan for American Forestry^ pp. 1399-1400) 


Region 

State and 
Private 
Areas 

National 

Forest 

Areas 

Ratio of Actual Annual 
Burn to Allowable 
Burn (Average 
1926-30) 1 

Allowable 
Burn, 
Per Cent 

Allowable 
Burn, 
Per Cent 

Outside 

National 

Forests 

Within 

National 

Forests 

New England 

0.16 

0.13 

1.84 

0.015 

Middle Atlantic 

0.35 

0.16 

2.97 

3.78 

Lake 

0.36 

0.43 

2.70* 

0.85 

Central 

0.59 

0.50 

5.36 

1.03 

South 

1.34 

0.90 

14.19 

1.02 

Pacific Coast 

0.49 

0.27 

4.96 

2.78 

North Rocky Mountain 

1.05 

0.56 

0.99 

0.87 

South Rocky Mountain 

0.41 

0.49 

0.56 

0.70 

Continental United States 

0.88 

0.44 

11.00 

1.07 


^ A ratio of 1 or less indicates that objective has been reached. 

* Data incomplete for certain areas in Wisconsin and Minnesota. 

As yet information on the required hour control for most forest types 
is lacking. An analysis of the subject was made by Show and Kotok 
for the forest types in the California pine region. In 1936 
Hornby made an intensive study of the time within which fires in the 
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fuel types of the northern Rocky Mountain region must be reached to 
obtain the desired objectives, and his plan for fire control is governed 
fundamentally by the time element. 

In addition to allowable-burn objectives as listed on page 157 which 
are set up for individual forest types, it is advantageous from the 
administrative standpoint to establish comparable fire-danger ratings 
for the different administrative units, thereby facilitating a fair allo- 
cation of fire-protection funds and furnishing a basis for judging ac- 
complishment. Such a rating may be based on the periodic and 
seasonal changes in fire danger as shown by the fire-danger meter and 
thus indicate the temporary placement of protection forces, or it may 
consider the more permanent aspects of fire danger and assign a rating 
to a given area which will hold for one or more years. 

Whether a relatively permanent or a temporary fire-danger rating 
should be employed will depend on the purpose for which it is to be 
used. For example, Hornby (1936, p. 85) gives each national forest 
in the western white pine region a relative fire-danger rating on the 
basis of the combined effect of fuels, probable damage from fire, and 
frequency of fire occurrence. This is a fire-danger rating of the per- 
manent type. For the same national forests and for individual por- 
tions of each forest day-by-day the total seasonal ratings may be 
compiled by use of the fire-danger meter which rates principally the 
weather elements and other temporary factors of fire danger, thus indi- 
cating current variability. 

The daily and seasonal ratings so obtained furnish a basis for daily 
changes in fire-control operations, and the seasonal fire-danger ratings 
for all units on a comparable basis are invaluable for appraising ef- 
ficiency and justifying allocation of funds. 
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Fire Suppression 


The last stage of fire control is putting out the fires which originate 
either from unpreventable causes or because prevention is not perfect. 
When fires start, the effectiveness of the presuppression activities is 
tested. 

On discovery of a fire, the firefighters are notified and hasten to the 
fire. As previously stated, fires should be reached while still small; 
otherwise suppression costs and damage mount rapidly. The principle 
is the same as with building fires; speed of attack is fundamental in 
fire suppression. Presuppression activities have been directed among 
other things toward reducing to an acceptable minimum the time which 
must elapse after discovery of the fire until the fire is attacked. 

NUMBER OF FIREFIGHTERS NEEDED 

The question as to how many men will be needed to control the fire 
arises as soon as the fire is discovered. Theoretically the number sent 
should depend upon the fire danger (as expressed in part by the burn- 
ing-index class), which in itself is the summation of many climatic, 
topographic, vegetative, and man-made factors. The exact number of 
men needed for an individual fire may vary widely from day to day 
and from place to place with the burning index. The factors infiuenced 
by topography, vegetation, and man are more likely to remain constant 
for the whole or part of a fire season than those of climatic origin. 

In regions particularly with excellent transportation systems and 
fairly fast fire spread, such as Connecticut, a small crew-unit of 2 to 
5 men is ordinarily sent to every fire with the idea of controlling it 
quickly and getting back to headquarters. Should one crew unit prove 
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unable to control the fire quickly other units are promptly sent. Un- 
doubtedly for a short time at many fires there may be more men than 
are needed. Where men are plentiful and transportation is good, the 
important factor of safety secured by having a few extra men is econ- 
omy in the long run. 

In regions where most of the fires are of the slow-burning type, it 
may prove most economical to send a single man to the fire and later 
to send others if necessary. 

The smokechaser used widely in western forests provides one-man 
initial attack. Usually the man with the shortest travel time to the fire 
is sent in. He may be followed shortly by additional men if in the 
judgment of the dispatching authority such action is needed. Sup- 
pressing fires with a single smokechaseY for initial attack works best in 
country where fires have a relatively slow spread and suppression is 
mainly by hand tools. 

In U. S. Forest Service practice the number of men needed to sup- 
press fires under each burning-index class and other conditions affect- 
ing fire danger is estimated in advance of the fire season and may be 
listed in tables. The method is based in principle upon the rate of fire 
spread and resistance to control under varying burning conditions to- 
gether with the length of fire perimeter which can be controlled by one 
man in a given time. The common expression for this latter point is 
length of held fire line, by which is meant the length of the fire perimeter 
on which the fire is actually controlled. It is one of the best measures 
of the efficiency of firefighters when working under comparable con- 
ditions. 

Tables may be made up indicating the number of men that should be 
sent out to fires under a great variety of conditions. Since the problem 
logically divides into the initial attack, the need for light reinforce- 
ments, and the need for heavy reinforcements, these tables may be 
further separated to indicate the number of men to be sent out on 
initial attack and as reinforcement when required. 

As an example, Hornby (1936, pp. 60-67) has determined for the 
northern Rocky Mountain region, on the basis of past fire history, the 
number of men that should be sent on initial attack, as light reinforce- 
ments, and as heavy reinforcements. On the basis of fuel resistance to 
control and burning conditions, the number of men needed on initial 
attack ranges from 1 to 20. Crews of 5 to 50 men are sent in as light 
reinforcements when needed and are drawn from the smaller communi- 
ties. Heavy reinforcements are crews of 100 men or more sent in by 
autobus from larger centers of population. Hornby's graphs indicate 
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that approximately 6 per cent of the fires, those spreading better than 
18 chains of perimeter increase per hour, may require heavy reinforce- 
ments. Light reinforcements may be needed for the 16 per cent of the 
fires spreading faster than 8 chains per hour while about 84 per cent, 
namely, the slow-spreading fires, can be handled by the initial attack 
crew. 

Stephenson (1936) dealing with forest conditions in Mississippi based 
decisions on number of men sent to fires upon the changes in rate of 
spread and size of fires caused by fuel type, wind velocity, relative 
humidity, hour control, and time of day at which the fire occurs. His 
dispatching tables show man power required for combinations of any 
of these conditions. 

For Lake states conditions Mitchell (1942) developed a fire-dis- 
patching guide for determining number of men to send to fires using 
as basic factors “(1) danger or burning conditions as indicated by the 
Lake states fire-danger meter, (2) wind velocity, (3) travel time, and 
(4) fuel-type class based on rate of spread and resistance to control.” 

On the national forests the objective of controlling the fire within 
the first work-period, that is, before 10 a.m. the beginning of the next 
midday burning period following the attack on the fire, should guide 
the dispatcher in deciding on number of men to send in as initial attack 
and as reinforcements. 

In applying the U. S. Forest Service policy of attacking each fire with 
the objective of controlling it within the first work-period, an estimate 
must be made and recorded as to the number of men required to sup- 
press the fire. This requires: 

1. An estimate of the number of chains of perimeter at end of first 
work-period. 

2. An estimate of the length of held line which can be constructed 
per man per hour. 

3. Division of (1) by (2) to give the number of man-hours of work 
needed to control the fire in the first work-period. 

4. An estimate of the number of hours the crew will have available 
to work in the first work-period. 

5. Division of (3) by (4) to give the number of men needed for fire 
line construction to suppress the fire. 

The method of suppression which will be used on the fire may deter- 
mine the number of men sent on initial attack. For example, the num- 
ber of men needed to work effectively with a unit of mechanized equip- 
ment is more or less fixed and determines the size of crew to go with 
the outfit. 
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METHODS OF FIREFIGHTING 

Firefighting is an art which is widely practiced and applied in differ- 
ing detail to fit local conditions. The principles of firefighting are the 
same over the entire country, notwithstanding the range in forest, cli- 
matic, and economic conditions. As Gisborne (1948) points out in 
discussing the fundamentals of fire behavior, fire is a chemical process 
involving three essentials: fuel, heat, and oxygen. In fighting fire, suc- 
cess is attained when one or more of these three essentials is prevented 
from entering the chain of events that takes place when fires ignite, 
bum, and spread. 

The term “put out” or “extinguish” a forest fire is frequently em- 
ployed, but as a matter of fact only fires of the smaller sizes are entirely 
extinguished. To extinguish a fire requires that on all portions of the 
burned-over area the flames be put out and the embers be cooled down 
to temperatures below the combustion point. Such treatment is too 
time-consuming to be practicable on forest fires except those of small 
size. When complete extinguishment is not secured, the fire is con- 
trolled by putting out the outer edge and extinguishing all burning 
material within a zone bordering the unburned forest. The fire is thus 
held within bounds. The center may remain ignited, but eventually, 
on exhaustion of the available fuel, it dies out. This may occur im- 
mediately after the edge of the fire is suppressed, or it may require 
weeks, depending upon forest conditions and the weather. 

The technical details of the actual work of suppressing the fire do 
not differ materially whether the fire is extinguished or controlled.* 
In the latter case the work of extinguishing the fire is carried on only 
over the outer zone of the burned-over area instead of over the entire 
area. 

When fires are controlled, in contrast to being extinguished, four 
methods may be recognized: the direct, the 2-foot, the parallel, and the 
indirect methods (Osborne 1942, pp. 53-64). The 2-foot and the 
parallel methods are modifications of the direct method and in most 
parts of the country (although found in practice) are not recognized as 
separate methods of firefighting. The direct and indirect methods are 
well differentiated. 

* An exception to this statement is found in the employment of backfiring and 
other indirect means for controlling fires which may not be used at all in extin- 
guishing a fire directly. 
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The objectives in controlling instead of extinguishing the fire are: 
to knock down or check the blazing front of the fire and any snags 
likely to cause spot fires, to cut off the outer edge of the fire from access 
to new fuel by building a fire line, to allow most of the interior ma- 
terials to burn out but to mop up all fire on a wide marginal belt. 

Direct Method 

The advancing edge of the fire is attacked directly and stopped 
either by use of water, mineral soil, beating, or by digging a narrow 
line down to mineral soil and throwing the burning material back onto 
the burned area. 

Two-Foot Method 

In the 2-foot method a narrow strip is dug down to mineral soil, not 
more than 2 feet ahead of the fire, and the fire is allowed to burn out 
to the strip. The method is particularly useful if hoes are the tools 
available for digging, since there is danger of scattering burning ma- 
terial with these tools if the actual edge of the fire is dug out. There 
is no need to employ the 2-foot method (which is a variation of the 
direct method) if the edge of the fire can be extinguished without dig- 
ging a fire line. When the edge of the fire must be dug out (as happens 
if a thick duff exists) it may be safer to dig the fire line back 2 feet 
from the edge of the fire rather than at the edge itself. In digging out 
the edge of a smoldering fire, burning portions are likely to be over- 
looked, whereas if the fire line is made a little ahead of the fire this will 
not happen. 

Parallel Method 

A fire line is constructed 6 to 30 feet ahead of the fire, and the in- 
flammable material between the advancing fire and the newly con- 
structed fire line is burned out at once. On many fires it is impossible 
to work right at the edge of the fire because of the heat and the speed 
with which the fire is moving. The parallel method enables the fire- 
fighters to work somewhat away from the heat of the fire and yet con- 
struct their line close enough so that the area intervening between the 
fire and the fire line will be quickly burned out. Cutoffs can be made 
across small indentations of the fire front, thus decreasing the length 
of fire line to be constructed. 
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Indirect or Backfiring Method 

In the indirect method the firefighters drop back from the advanc- 
ing fire to a firebreak or to some good natural control line or fire line 
which has been built as part of the suppression work, and there set 
backfires which are allowed to run toward the main fire but are extin- 
tinguished on the side bordered by the control line. The purpose is to 
burn out a wide enough strip of country ahead of the main fire so that 
the latter may be robbed of fuel and controlled. The method should 
not be employed if any of the other methods described can be success- 
fully used. 

Backfiring is risky because the backfires are likely to get across the 
control line and themselves develop into uncontrolled fires. This 
danger is intensified since the need of backfiring arises only at the 
times when burning conditions are such that fires spread rapidly. 
Backfiring may appear destructive because it may necessitate burning 
over a considerable area ahead of the main fire. This injury is more 
apparent than real if the backfiring is properly done. Properly planned 
and executed, backfiring burns over only areas which would otherwise 
be injured more severely by the main fire. 

Backfires should never be started until the fire line which is intended 
to prevent their escape has been constructed over a wide enough front 
so that the backfires cannot escape around the end of the fire line. The 
fires should be lighted close to the line, so that they have no opportunity 
to gain momentum in running toward the fire line, but must burn slowly 
out to meet the main fire. To combat a fire coming up a steep slope the 
backfire should be started just over the crest on the side of the ridge 
farthest from the fire. Starting backfires on a slope above an advanc- 
ing fire should be avoided. Should it be necessary to backfire vertically 
on a slope, a protecting fire line should be located straight up and down 
the slope and the backfiring should begin at the upper corner where the 
fire line reaches the ridge. 

Where there is much backfiring to be done torches are needed to 
facilitate the operation. Various types of hand torches are available 
as well as pressure torches. The Mathis plow used for building fire 
lines in southern pine forests can be equipped with a gasoline pressure 
tank which is so arranged as to produce a flame 3 to 6 feet long on 
either side of the plow. As the plow makes the fire line it is automati- 
cally backfired. 

Backfiring has proved successful as a last resort in controlling many 
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fires. One of the most spectacular instances occurred in the Latigo 
Canyon fire in the chaparral type of southern California (Turner 1936) , 
which burned over about 15,000 acres and required the services of 
more than 2000 firefighters, 14 tank cars, and 9 portable pumps before 
being controlled by backfiring from firebreaks and other lines protected 
by the power pumps and tank trucks. This region, because of the high 
inflammability of the chaparral cover, the steep mountainous topog- 
raphy, and the adverse weather conditions, is characterized by fast- 
burning fires traveling through the crowns of the chaparral which are 
difficult to control except by the backfiring method. 

Application of Water 

The most effective method of extinguishing fires is to apply water to 
the burning material. However, where water supply is scanty or trans- 
portation inadequate this often cannot be accomplished so cheaply as 
fighting fires in some other way. The use of water in fighting forest 
fires has become widespread with a tendency toward increased use. 
Extensive use of water in firefighting on a forest property goes hand in 
hand with the development of the transportation system and bears rela- 
tion to the natural water resources of the region. Water is heavy to 
carry and can be made available at the fire only as effective means of 
transport are developed. In many areas water for firefighting cannot 
be secured in abundant supply. Osborne (1942, p. 48), speaking of the 
Pacific Northwest, states that water is used at present on less than 10 
per cent of the fire perimeters in that region and when all the equipment 
needed is obtained will be used on not more than 20 per cent. He be- 
lieves that for many fires other means of control may be less expensive 
and fully as effective as water. 

Water is applied in firefighting from any of the following: 

Small containers, particularly back-pack cans or bags with pump 
attached. 

Portable gasoline engine pumps and hose. 

Tankers, usually equipped with pumps and hose. 

Gravity system employing hose to deliver the water. 

Equipment for applying water was discussed on pages 107 to 108. 

Any forest fire can be attacked directly with water. In firefighting, 
the water is applied to the edge of the fire and the stream directed at 
burning material on the ground. Water is conserved and proves more 
effective in most fuel types if applied in the form of a fine spray instead 
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of a solid stream. On most fires the quantity of water is limited and 
must be made to go as far as possible. 

In this connection mention should be made of the use of so-called 
wetting agents to increase the saturating action of water, thereby mak- 
ing a limited quantity of water go further. Already several instances 
have been reported of the successful results obtained by using wetter 
water to suppress forest fires (Kearney 1947; Anonymous 1947). 

When the water is delivered at the fire it is most economically ap- 
plied to the burning material by means of hand spray pumps, which 
conserve the water and permit its application at the exact spots and 
in the minimum quantities needed. Water is most effective in stopping 
an advancing fire when the spray is directed on the ground just in 
front of the flames. Mechanical force is thus exerted in combination 
with the wetting action of the water. 

Peat fires require thorough drenching with water, but fortunately 
they usually occur in places where an abundant supply of water is 
near by and can be applied in volume by a power pump. 

Water may also be applied in the form of a finely divided mist or 
fog from tank trucks. The fog raises the relative humidity so much 
that fires cannot burn if the proper type of nozzle is used (Funke 
1941). The fog may be applied either with pumps producing high- 
pressure or low-pressure fog (Anonymous 1946). One advantage of 
the first is that the high pressure results in driving the moisture more 
thoroughly into the fuel. However, high pressure requires more ex- 
pensive equipment (Everts 1945). 

In operating the back-pack cans and bags the firefighter walks along 
the fire line, pumping as he advances. He should not stay in one spot 
long enough to completely extinguish the fire but should pass along 
quickly, even though fires may rekindle after he passes. He should be 
followed by other firefighters, equipped with hand tools, who com- 
pletely extinguish the parts of the fire which start up after the pump 
man. 

If the source of water supply is near the fire, as frequently happens 
in a well-watered country, a bucket brigade can be organized among 
the firefighters and the water brought in by hand. Otherwise the hand 
pumps must be supplied with water from tank trucks or by portable 
power pumps. 

There are various ways of applying water furnished by power pumps. 
The pumps, both the portable type carried into the woods and the 
heavier type on a truck or trailer set up beside a water supply, deliver 
water through hundreds or thousands of feet of linen or rubber-lined 
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cotton hose at the fire line. Because of the greater volume of water 
supplied (15 to plus 100 gallons per minute) this should be employed 
only on fires requiring large amounts of water. 

The portable gasoline pumps because of their lesser mobility find 
their greatest field of usefulness on slow-burning fires with large 
amounts of fuel available. Ground fires burning in deep duff or peat 
are best combated with gasoline pumps. Hose cannot be laid and 
shifted fast enough to permit using a power pump for fighting a rapidly 
advancing fire. Where ground fires are fought it may be necessary to 
soak thoroughly or even flood the layers of burning material with water 
delivered directly from the gasoline pumps. 

Power pumps furnish a means of thoroughly safeguarding areas of 
special hazard and high value. They can be used to wet down the fuel 
ahead of the fire to serve as a line from which to backfire. Water can 
be advantageously applied directly to the advancing edges of the fire 
and also to all classes of burning material inside the fire area, such as 
beds of live coals and particularly burning logs and standing dead trees. 

A better way to apply water with power equipment, which overcomes 
the disadvantage of lack of mobility and is possible on level sand plains 
and in open southern pine forests, for example, is to have a truck or 
tractor with trailer drive right along the edge of the fire applying water 
as it passes along. 

Funke (1941) considers the 5-man suppression squad equipped with 
a standard tank truck and its auxiliary equipment to be the most ef- 
ficient and flexible unit for general fire suppression. The power pumper 
increases the effectiveness of the crew about three times over those 
equipped with hand tools alone. Some hand-tool work usually will be 
needed along with the use of the tank truck and pump. 

The Massachusetts brushbreaker (see page 108) is equipped with two 
hose lines 500 feet in length. This is long enough to allow considerable 
leeway in approaching close to the front of the fire or staying back from 
it, depending on the heat, but does not involve laying out long cumber- 
some lines of hose which cannot be quickly moved. The truck also has 
a 25-foot length of hose which can be used in protecting the truck itself 
from fire. The system of fighting is to drive the trucks right into the 
woods, breaking down trees up to 4 or 6 inches in diameter, and proceed 
right along the fire front. 

A second truck follows with a similar equipment to mop up the fire 
and to take the front position when the first truck has to go out for a 
new supply of water. The water tank is emptied in 30 to 40 minutes. 
A crew of 4 to 5 men is carried on the truck. On one fire two of these 
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brushbreaker tanks put out 3 miles of fire in 4 hours, a job which would 
have required at least 100 men. 

The Michigan Forest Fire Experiment Station has perfected a com- 
bination of tractor and pump unit with a trailer to carry the hose. 
The advantage of this unit is that it can go wherever a tractor travels, 
so that swamps and other difficult locations impassable for a truck are 
accessible to it. 

By having several pumps working in relays water can be brought a 
long distance and elevated many hundred feet. Although a single 
portable pump theoretically can pump water up to an elevation of more 
than 400 feet, yet in practice it is better to plan on raising the water 
200 to 300 feet with each pump. 

Where the water table is within 22 feet of the surface and the water 
is contained in a pervious soil layer, an abundant water supply can be 
developed quickly by sinking temporary wells. Stewart (1934) has 
demonstrated the practicability of sinking a well casing by hydraulic 
pressure secured from the ordinary portable power pump used in fire- 
fighting. The well can be brought into production within 8 to 30 min- 
utes from the time drilling is started. Where surface water is scarce 
and the underground water table high, the usefulness of power pumps 
is greatly enhanced by this discovery. 

If the water supply is located above the fire, as may occur in moun- 
tainous regions, gravity can be used to bring the water down through 
a hose line without any pumping. 

Experimental use i^ now being made of water and chemical filled 
bombs dropped from aircraft on small hot fires (Hall 1947). The 
purpose is not to extinguish the fire completely but rather to check its 
rate of progress and thus give more time for the fire to be reached by 
firefighters. 

Extinguishing Fires with Soil 

On a large proportion of fires soil is the sole or an important means of 
extinguishing the fire. It is more readily available than water, and its 
use may mean a saving of time in suppressing the fire. Though not as 
effective as water, soil smothers the fire and cools off the burning ma- 
terial. It is best applied with a shovel. A hole is first opened up 
through the forest floor and soil free from undecomposed organic ma- 
terial is thrown on the burning material. Soil can be employed effec- 
tively both for arresting the advancing edge of a surface fire and for 
extinguishing burning material within the burned-over area. 
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Beating-Out 

There will be times when water or soil is not available or tools to 
apply them are lacking. Under these circumstances beating-out may 
be employed. In this method the advancing edge of the fire is struck 
glancing blows with some appropriate tool. The term “beating” though 
commonly used is hardly applicable, since the action is more a sweep- 
ing or pushing-in of the fire toward the burned-over area than an actual 
beating-out. A stroke vertically downward has the effect of scattering 
the blazing material and may result in a faster spread. If the stroke is 
an inwardly glancing one the burning material is carried back onto the 
burned-over area and separated from new fuel. 

The method is best suited to fires that are feeding on a light surface 
litter. It cannot be used effectively in dense brush. One advantage of 
the beating method is that tools to accomplish the work may be im- 
provised from branches broken off in the woods. Better tools for the 
purpose are strips of wet burlap sacking, brooms of all types, and par- 
ticularly swatters and the rotary fire mop (see page 105). 

The swatter is an excellent tool for use on grass fires (Sykes 1940). 

Another fire equipment item with a sweeping and smothering effect 
on the fire is a truck equipped with two metal bars extending to one 
side to which arc attached drags made of chain mesh with an asbestos 
mat cover (Wershing 1942). The outfit can be used on areas that are 
relatively fiat or rolling and covered mainly with grass or very light 
shrubs. The chain mesh serves to break up the burning material and 
mix it to some extent with the top soil. The asbestos mat serves to shut 
off the oxygen from the burning material. One trip may or may not 
completely put out the fire, but at least it deadens it to a point where 
it can be mopped up. Usually the truck runs along on the outside of 
the fire, dragging the mats directly over the fire. It is possible, how- 
ever, to drag the chain outside the fire, creating what amounts to a fire 
line, and let the fire come to this fire line. 

MAKING AND HOLDING FIRE LINES 

All methods of suppressing fires, except those which directly extin- 
guish the fire, require more or less fire line construction. These lines 
are of temporary character, and less elaborate than the firebreaks pre- 
viously described (page 97). Their location is determined primarily 
by the shape and location of the fire. 
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The output of held fire line which can be produced by firefighters is 
governed not only by the forest or fuel type, diflSculties of work, and 
firefighting method used but also by the skill in handling men and in 
firefighting displayed by the men in charge of the crew. If costs of 
suppression are to be kept relatively low, a high rate of held line per 
man must be obtained. Rate of construction is commonly expressed as 
the number of chains per man-hour, or man-hours per chain of held fire 
line. 

Fire lines constructed by hand labor range from a fraction of one 
man-hour per chain of held fire line to more than 40 man-hours under 
conditions of extraordinary difficulty. A table based on an analysis of 
fires in the northern Rocky Mountain region computed by Hornby 
(1936, p. 41) shows a range in number of man-hours per chain of held 
line from 0.2 to 10.8 hours. 

These rates of work may appear exceptionally low, but that they are 
typical of the difficulty of fire line construction under severe moun- 
tainous terrain is indicated by the findings of Hanson (1941), for 
southern Idaho, who reports that the average rates of line construction 
per man-hour varied from 0‘.08 chain under extreme resistance to con- 
trol conditions to 3.18 chains when resistance to control conditions was 
very low. 

Although methods of constructing temporary fire lines vary, depend- 
ing on topography and forest conditions, yet all these temporary fire 
lines are built to fulfill the same general requirement. They should 
provide a narrow strip cleared of brush and, except when water or beat- 
ing-out is to be used, should be cleared down to the mineral soil, which 
in itself may serve to stop some fires and act as a control line from 
which to start backfires. Exceptionally inflammable material such as 
snags and down logs, must be felled or removed from the fire line so 
that the fire, as it reaches the line, will find less fuel to feed upon and 
be easier to extinguish. The fire line must be cleared sufficiently to 
afford room for the firefighters to work effectively in extinguishing the 
fire when it comes to the line. When running horizontally along slopes 
with fires burning on the upper side, the dirt strip of the fire line should 
be in the nature of a ditch or gutter sufficiently banked to stop and 
hold burning embers and cones which may roll down the slope. 

Wherever power equipment is available and the land is not too rocky 
to prevent its operation it should be employed in preference to hand 
labor because of the time saved. 

Machinery such as plows, drags, graders, and trenchers of various 
types provides a cheap, rapid method of constructing fire lines around 
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going fires (see page 106). The cost of fire line construction is reduced 
thereby often to a tenth of that of hand labor. For eflSciency the 
equipment must be adapted in speed and power to the specific forest 
conditions encountered. 

Plows for use on fire lines must be of a strong construction with the 
type of moldboard suited to the soil and tree-root conditions encoun- 
tered. The plow should operate independently of a plowman. In open 
country trucks can occasionally furnish motive power, but usually 
tractors are needed. Horses cannot accomplish the work performed 
by a truck or tractor but are often of service when these machines are 
unavailable or cannot be used. 

Plows mounted on rubber-tired wheels are now in use. One advan- 
tage of this arrangement is that the plow can be attached as a trailer 
behind a car and travel on its own wheels to the fire. 

Where large crews were employed in constructing fire lines by hand 
labor the practice until recent years usually was to employ the sector 
method. In this method the large crew was divided into smaller crews 
and a short sector allotted to each. When a small crew finished its 
allotment it stepped forward past the rest of the men and started an- 
other sector. The results in the way of line produced per man-hour 
were not satisfactory. 

Then what has been termed the one-lick method was tried in several 
places instead of the sector method in an effort to speed up the rate 
of fire line construction (McReynolds 1936; Campbell 1938; and 
McIntyre 1942). The principle of the one-lick method is that a fire 
line should be built about as fast as a man can advance through thick 
brush occasionally hacking off limbs in his way and should be im- 
proved a little by each succeeding man. In operation the crew is 
formed in a line and follows the leader, each man doing a little work 
as he passes along but not stopping more than a moment in a place. 
The men are equipped with tools appropriate for the kind of work 
their position in the line will give them, for example, the axes coming 
first and the shovels last. The results showed a significant increase in 
amount of fire line built per man under this method as contrasted to 
the sector method. However, it has the disadvantage of being a very 
tiring operation and one in which a crew could not be expected to work 
more than 4 hours without rest. In fact, better results were secured 
where stops were made as frequently as every 25 minutes. 

The next development was known as the progressive method (Cliff 
and Anderson 1940) . The essential point here in contrast to the one- 
lick method is that groups of men (each group equipped with a cer- 
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tain type of tool) move forward progressively as a unit although each 
individual has a definite distance over which he completes the fire line 
before moving up. For example, a 40-man squad might be divided 
into a straw boss of the fire line, a group of ax men, another group 
with Pulaski tools, another group equipped with hoes, and finally sev- 
eral shovel men for backfiring and holding. The units with a given 
kind of tool would complete their work — the ax men, for example, 
would finish the ax work — for a portion of the line and then move 
ahead as a unit, always keeping their relative position in the crew. 
This method was further refined, under the name of the progressive 
step-up organization, by having the men spaced very regularly and 
moved forward on the order of the straw boss when a 15-foot section 
was completed (Anonymous 1940a; Hulett 1940). 

The progressive method now appears under the name 'Tunctional 
Control Line Organization^^ as the standard practice in Region 6, U. S. 
Forest Service (Anonymous 1945, pp. Ill 1-18 to 1-21), where it is 
considered “the most effective system of organizing men to obtain 
their maximum output of held line.^^ 

As now used in Region 6, men or machines or both are assembled 
in one file and then advance constructing the fire line as they progress, 
without shifting relative positions in the file. Progress is rapid fol- 
lowing closely after the line locator. Men are definitely spaced so as 
to avoid injury and are frequently given brief rest periods. 

A particularly effective system of crew organization for controlling 
fast-burning fires in light grass fuels where soil is readily available 
is the spinning fireman or Austin rotary organization method (Lindh 
1940; Anonymous 1940b). This method employs a crew of not over 
5 men, each equipped with a long-handled shovel, who remain in the 
same relative position while fighting the fire. The first man, after 
filling his shovel with mineral soil, steps close to the fire edge and while 
advancing whips his load of soil as hard and as far as possible up the 
fire edge, effectively knocking out the fire for several feet. The first 
man then moves one or two steps away from the fire edge and the 
second man repeats the same operations as the first man. The move- 
ment continues and gives the appearance of a 5-man wheel moving 
along the edge of the fire as fast as men ordinarily walk. 

Mechanical fire line construction in the Southeast as contrasted to 
hand-tool work results in greatly decreased costs and more effective 
fire control. Hartman (1947) describes how this has been accom- 
plished by increasing the speed of attack through development of three 
sizes of plow units: the light Pal plow for the grassy, open, longleaf- 
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pine type; a middlebuster, for the hill country up to 30 per cent slope; 
and a heavy plow for the Florida and Carolina coastal areas with a 
luxuriant cover. 

The Pal plows a furrow 28 inches wide at the bottom and 4 feet at 
the top at a rate of to 3 miles per hour, while the heavy plow 
makes a 5-foot line at a rate of 1 mile per hour. 

The method of using these units consists in having a crew composed 
of lead man, tractor driver, backfiring torchman, and follow-up man 
behind with a back-pack pump and flap. Suppression by these me- 
chanical units costs $13 as against $57 per fire for hand-tool work. 
The average area burned per Are was 34 acres for fires fought by the 
mechanical unit as contrasted to 150 acres on the other fires. 

The progressive development of the fire line, as a crew equipped with 
a variety of tools advances over the line, was practiced even earlier 
in the Northeast and elsewhere in suppressing fires with water com- 
bined with hand-tool work. Forest Are crews in Connecticut equipped 
with back-pack pumps and hand tools were instructed (Lathrop 1932) 
to extinguish fires by continuous advance, the first men in the crew 
knocking down the flames while those who followed completed the job 
of control. 

After the first advance of the fire has been stopped at the control 
line the next step is to make the fire line permanently secure against 
fires which may later be fanned into flame and threaten to pass the 
line. Standing dead trees are particularly dangerous, since burning 
embers may be blown from them for considerable distances and start 
new fires across the line. To prevent such consequences in all four 
methods of controlling fires — direct, 2-foot, parallel, and indirect — all 
fires on a zone one to several hundred feet in width along the border 
of the burned area must be extinguished. This is termed ^^mopping 
up.^^ The work consists of going over the area systematically felling 
and suppressing the fire in all burning snags and putting out com- 
pletely all smoldering fires. While the mopping-up work is in progress 
and after it is completed, a patrol should be maintained along the 
control line. The duties of the patrolman are to find and extinguish 
any fires that may start across the control line, to improve the fire line 
where needed, and to put out any burning material inside the fire area 
which threatens to spread fire. The patrol should be continued until 
danger of fire crossing the line is eliminated. This condition may not 
be reached for several days. The importance of careful execution both 
in the mopping-up work and the patrol of the control line cannot be 
overemphasized. Lack of thoroughness in these respects often results 
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in the fire breaking through onto unburned territory where it must 
be controlled anew. 

RELATION OF FIREFIGHTING METHOD TO TYPE OF FIRE 

A peat fire should be fought by deep trenching to the mineral soil 
beyond the edge of the fire. The trench should then be flooded with 
water. Where water cannot be obtained, the trenches must be pa- 
trolled until the peat within the burned area is entirely consumed and 
the fire is out. Duff fires also must be trenched to the mineral soil. 
They may be extinguished or be controlled by the direct, 2-foot, or 
parallel methods. The indirect method is less useful since it may take 
a long time for the duff to bum out completely, during which time the 
smoldering fire in the duff is a menace. It is better to trench close to 
the duff fire. 

Running crown fires in heavy timber usually cannot be fought di- 
rectly. Dependent crown fires sometimes may be attacked with tanker 
units. In fighting such fires advantage must be taken of the relatively 
cool humid periods which come each night. At that time the fire very 
likely burns only as a surface fire and can be fought. If a running 
crown fire is to be stopped as it advances through the crowns it must 
be accomplished by backfiring. 

Surface fires are so diverse in character that all methods of fire- 
fighting are useful at one time or another in combating them. 

SIZE OF CREWS 

A satisfactory size for a firefighting crew is from 3 to 40 men. It 
is usually better to have less than 10 men in a crew. Studies have 
shown that as the number of men in a crew increases the length of 
held line constructed per man decreases (Matthews 1940). On large 
fires when hundreds of men may be employed they should be divided 
into small crews of about 10 men under a single foreman or straw boss. 
Whatever the size of the crew, each man should have definite duties 
assigned to him. If he is a member of a permanent crew these duties 
are the same for each fire. The principle throughout should be that 
of fixing the responsibility for given portions of the work. Particu- 
larly on a large fire, the firefighters may be so scattered over a wide 
territory, often in dense timber or brush, that it is difficult to control 
the work efficiently and to have all portions of the fire covered, unless 
definite allotments as to the kind of work and the area upon which 
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it is to be done are given to each crew and to the individual members 
of each crew. The duties assigned to a crew of a given size must, of 
course, vary depending upon the forest or fuel type, the tools and 
equipment available, and the burning conditions. There should be a 
proper balance between men assigned to work with different tools so 
that the attack as a whole may progress smoothly. The functional 
control line organization as now developed provides against such 
defects. 

PLAN OF ATTACK 

If the fire is small enough or the crew large enough, the attack may 
be made simultaneously on all sides. This procedure, however, would 
not be in harmony with the idea of functional control line organization. 
As a general rule the head or front of a fire should be attacked first. 
This is the sector of the fire which is most active and dangerous. 
Once the head is stopped the flanks and rear can be controlled with 
relative ease. If the crew is large enough or the fire small the fire- 
fighters may start at the head of the fire and, dividing, may work in 
opposite directions across the head of the fire, then down the two 
sides, and finally meet in the rear of the fire. If the head of the fire 
cannot be attacked directly with success, then the flanks on the two 
sides of the head should be attacked and the attempt made to work 
toward the head, gradually pinching it out. Most fires can be attacked 
right in front, although to inexperienced men it may seem impossible. 
Special cases are likely to be encountered at any time where good 
strategy attacks first at some special point other than the head. 
Where, for example, the head fire is running directly toward a near-by 
wet swamp or where a valuable stand is threatened by the advance 
of one of the flanks, the attack should be varied to fit the circum- 
stances. 

Advantage should always be taken of any natural features, such as 
lakes, cliffs, or swamps, toward which the fire may be directed, by 
selecting the portions of the fire front which are attacked first. 

On fires of such a size that the fire boss, the man in charge of the 
fire, cannot see at once the critical points requiring attack, it is essen- 
tial that he reconnoiter either by going around, the fire or by obtaining 
a view over the fire area. On large fires very often one man, the fire 
scout, is assigned the job of doing such reconnoitering as well as acting 
as a liaison officer between crews working on different sectors of the 
fire. For scouting, aircraft are of great assistance. Helicopters may 
become very useful for planning the attack and directing the work 
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of the firefighters on large fires. The use of a loud-speaker would 
enable an observer in a helicopter to direct the ground forces in the 
attack. 

The time of day has little significance in affecting the starting or 
ending of the attack on most forest fires. The firefighters begin work 
when they get there and should stop (except for meals and rest periods) 
only when the fire is extinguished or controlled. On fires which last 
more than one work day, conditions are somewhat different. Men 
cannot work continuously without rest. Their rest can be so planned 
as to take advantage of the periods during the 24 hours favorable to 
firefighting. The diurnal changes in relative humidity make the early 
morning hours, starting at daybreak, the most effective for fighting 
fires and the early afternoon the least. 

Night will be a better time to fight fires than the hotter half of the 
day if adequate lighting facilities are made available. In general, 
night fighting should be favored if the fire can thereby be controlled 
before the burning period of the following day. On extra-period fires 
which must be fought for several days more effective results may be 
secured by putting the crew to work at daybreak. 

Where night fighting is advisable a lighting system must be pro- 
vided. With adequate lighting arrangements, there are many forest 
types where night fighting can be made more effective than daylight 
fighting. 

The hourly fluctuations of weather should be followed or anticipated 
and their effect on burning conditions predicted. Advantage should 
then be taken of these predictions, both the methods and the time and 
place of fighting being changed if necessary. 

In particular, it should be recognized that the direction of the wind 
and to lesser extent steep slopes determine the location of the head 
fire. If there is no wind or if a change in wind direction is expected, 
that sector of the fire which promises later to be the head should be 
controlled. 
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Forest Fire Insurance 


Fire insurance on forest property cannot be secured today in the 
United States at low enough rates to make the coverage attractive to 
landowners. This is an unfortunate situation because of the aid which 
fire insurance coverage could have upon stabilizing the growing of 
forest crops. 

The desirability of forest fire insurance was recognized about 1917 
by a few men who organized a company known as the Timberland 
Mutual Fire Insurance Company for furnishing forest fire insurance. 
They operated only in New Hampshire and apparently were successful 
financially during the brief period — less than 2 years — in which they 
operated (Brown 1926). Their minimum premium rate was 2 per 
cent, and consequently a large volume of business was not secured. 
After demonstrating that it was practicable to sell forest fire insur- 
ance they turned over the business as a successful going proposition to 
the Globe and Rutgers Insurance Company, who continued to carry 
the business but without any special effort toward enlargement. Un- 
doubtedly the time was not then ripe for starting forest fire insurance 
on a large scale because adequate fire control had not been developed 
over much of the forest area in the United States. 

In the years that have elapsed since this initial effort was made to 
develop forest fire insurance, the status of forest fire control has 
changed remarkably for the better. The protection now afforded forest 
lands in most parts of the country is not at all incommensurate with 
that given building property. 

The time may now be ripe to develop forest fire insurance on a 
large scale. What are the advantages to the forest landowner of 
having fire insurance coverage on his forest? The argunjeijt the 
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forest owner is already paying for fire protection and should not plan 
also to pay insurance premiums is just as ridiculous as such an argu- 
ment applied to fire insurance on buildings would be. House owners 
pay through taxation for the protection of their buildings and other 
burnable property by organized fire departments and then also take 
out fire insurance policies on these same buildings. 

The principle involved in forest fire insurance is the same as in other 
types of fire insurance, namely, that the owner insures a portion of the 
risk * which is too great for him to take because of the relatively small 
size of his property. He protects himself by obtaining the help of an 
insurance company which can afford to accept the risk because of the 
enormous area covered by its insurance and by the scattered distribu- 
tion of the individual areas which through the operation of the laws 
of chance makes it unlikely that large losses will be suffered simul- 
taneously on all areas insured. The total cost which he will be called 
upon to pay when carrying forest fire insurance will, of course, be 
increased somewhat over his present annual expenditure for fire con- 
trol. But the advantage to him is that, instead of having to bear his 
own losses, he will have them covered. This service will, in the long 
run, be a money saver for him and will create security in forestry 
operations just as fire insurance policies on his buildings do. 

The first and most important advantage of forest fire insurance is 
that, by a small annual payment which can be budgeted and charged 
as a current expense, the owner is relieved of the fire risk. 

Another advantage is that the owner^s credit rating is strengthened 
because he now has a property relieved of fire risk upon which greater 
loans can be secured. He is also encouraged by his insurance of the 
risk to stabilize his operations for continuous production instead of 
liquidating his forest capital because he fears a heavy fire loss. 

Forest fire insurance is not a substitute for fire protection but a sup- 
plement to it. Organized forest fire protection does not guarantee that 
there will be no forest fires and no losses any more than the mainte- 
nance of an expensive fire department in a large city guarantees that 
there will be no building fires. The forest fire organization and the 
city fire department keep the losses at a reasonably low level but do 
not obviate the need for fire insurance in the forest or in the city. 

♦The reader should keep in mind that, in fire insurance parlance, risk refers 
to the chance of loss or the perils to the subject matter of insurance covered by 
the contract. Likewise, hazard as used by fire insurance companies includes all 
the factors which affect either positively or negatively the safety from fire of 
any subject matter of insurance. 
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Since organized forest fire protection now makes possible a safe 
insurance business in large sections of the country and there is a dis- 
tinct need for owners to have fire insurance coverage, an effort should 
be made to put the matter on a business basis. 

Shepard (1937 and 1939) has presented the results of forest insur- 
ance studies made in the Pacific Northwest and in the northeastern 
states, which bring out the principles involved in developing any 
scheme of forest fire insurance. His information has been freely drawn 
upon in this chapter, and his methods and conclusions should be care- 
fully studied by those interested in forest fire insurance. 

The first essential in any scheme of forest fire insurance is that fire 
risks be analyzed for a given region over long enough periods, such 
as 10 years, so that an accurate basis for establishing rates may be 
obtained. Methods of rating are in principle those customarily fol- 
lowed in fire insurance practice and present no particular difficulties. 
They provide for a base rate with additional charges for conditions 
(hazards) which add to the danger and for omission of any of the de- 
tails needed for adequate protection. Discounts may be allowed in the 
case of especially well-protected properties. 

Although it is true that through a large part of the United States 
today forest property is already an insurable risk, it remains to estab- 
lish the premium rates which should be used. There are some sections 
of the country such as parts of the southern states, the northern Rocky 
Mountain region, and the sand plains of the Lake states where forest 
property is still uninsurable at reasonable rates. Undoubtedly forest 
properties in these regions might be insured at high but prohibitive 
rates. 

Once rates have been established on a sound basis in a given forest 
region, two problems must be met; the first is to interest forest land- 
owners in taking out the insurance, and the second is to interest fire 
insurance companies in writing it. 

The lethargy of forest owners will have to be overcome by publicity 
as soon as insurance companies are ready to take the business. All 
forest organizations should be glad to assist in supplying publicity, 
considering the important benefits accruing to their members from the 
forest fire insurance coverage. Self-interest will impel all far-sighted 
owners other than those big enough to carry their own risks to take 
out the insurance. When the matter is properly presented, it is prob- 
able that a large proportion of forest landowners will welcome the 
chance to get forest fire insurance. The crucial point from the forest 
owner^s standpoint is the rate, which must be reasonably low. 
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Studies made by Shepard indicate that the average rates for insur- 
ing forest property against fire, including the ordinary loading for 
agents^ commissions and expenses, will compare very favorably with 
those now being used in insuring other classes of property against fire. 

Shepard believes that an average rate of 0.45 per cent would provide 
a profitable insurance business in the Pacific Coast states if premium 
income amounted to $150,000. At this rate, forest owners should be 
able to afford and profit by the insurance coverage. If this income 
reached the $1,000,000 mark a reduction in average rate to 0.30 per 
cent could be made safely. Probably in most of the northeastern ter- 
ritory average rates could be lower than in the Pacific Coast states. 

Interesting insurance companies in writing forest fire insurance at 
rates which will appeal to forest owners may be difficult because the 
opinion is prevalent, first, that forest fire protection is so inefficient 
that the business of insuring forest property against fire is very dan- 
gerous and can be done safely only at a very high rate, and, second, 
that no worth-while volume of business can be developed. This last 
point is certainly correct if the old rates of the Timberland Mutual 
Fire Insurance Company are to prevail. 

Insurance companies must be convinced that the business is safe 
at rates low enough to get and hold a big volume of business before 
they will undertake the job. 

Shepard’s work has gone far to establish the fact that it is possible 
to develop a scientifically operated system of rate making on forest 
properties along the lines already in use by fire insurance companies. 

In the past when insurance companies have taken up the insuring 
of new types of property they have started by setting high rates to 
protect themselves and have gradually lowered these rates as volume 
of business increased, reserves were accumulated, and they became 
expert in appraising accurately the risk in insuring the particular type 
of property. Shepard indicates that this method of experimentation 
is unsuited to forest fire insurance because the margin of profit is small 
in the forest industries and the landowners would not pay the high 
premiums, and, furthermore, that experimentation is unnecessary since 
the basis for making reasonably accurate rates on forest property is 
found through analysis of existing forest fire statistics. 

In addition to the necessary capital as requirements for the develop- 
ment of a profitable forest fire insurance business, there must be a 
careful selection of risks, frequent inspections of a large percentage 
of the properties covered, attention to the character of the assured, 
proper appraisals and valuations, a good distribution of liabilities sup- 
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plemented by intelligent reinsurance, a sympathetic attention as con- 
cerns forest owners, and honest dealings. 

A large volume of business should be available provided rates com- 
parable with building fire insurance are made effective. A business of 
at least $2,000,000 in annual premiums is quite possible for forest fire 
insurance taking only the relatively safe risks in the best-protected 
regions. 

There are approximately 90,000,000 acres of privately owned forest 
land in the northeastern. Middle Atlantic, and Pacific Coast states 
already under protection. On the assumption that one-half of this 
area or 45,000,000 acres would be covered by fire insurance with an 
average value of $10 per acre and an average premium rate of 0.45 
per cent, the total annual premium income would be in excess of 
$2,000,000. With this volume of business it is believed the rate could 
be lowered to 0.30 per cent and the volume of business be doubled. 

As fire protection is strengthened in other sections of the country and 
a larger percentage than one-half of the forested area in a given 
forest region is covered, the total premium income is likely to expand 
correspondingly. 

Forest fire insurance, once it operates on a commercial scale, should 
be a great stimulus to organized, effective fire control over the forest 
areas of the United States. Then the average owner will fall in line 
and find that having such insurance is a necessary item of current 
expenditure, safeguarding his timber resource. He will then discover, 
just as he has already done in carrying building fire insurance, that to 
get favorable returns he has to obey certain insurance regulations and 
provide adequate protection for his property. Hence he becomes more 
interested in seeing that such protection is provided. 

The insurance companies as soon as they cover forests will have a 
direct interest in the maintenance and improvement of forest fire con- 
trol and will work toward that purpose. This has been the result of 
the development of fire insurance for other classes of property and is 
expected in relation to forest fire protection. 

Encouragement of all sound forest fire insurance projects would be 
an exceedingly worth-while activity for the federal government and 
for the states to undertake. In this connection it is interesting to note 
that the so-called Hook Bill which was introduced in Congress in 1946, 
but failed of enactment as a law, included among its provisions for 
federal crop insurance the coverage of insurance on growing forests 
under conditions to be prescribed by the Secretary of Agriculture. 
Federal action may seem unnecessary since the business should be suflGi- 
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ciently profitable to interest private companies. However, participa- 
tion by the federal government, at least for the first few decades until 
an adequate reserve to cover conflagration hazard is built up, would 
doubtless have a stimulating effect upon early development. The gov- 
ernment might at least provide loans to the companies in case confla- 
grations occurred in the early years. After conflagration reserves had 
been built up, such assistance would no longer be necessary. 

Shepard considers that an insurance pool of several of the existing 
fire insurance companies would be the logical method of starting forest 
fire insurance on an adequate scale. 

Should it prove impossible, after the case has been adequately pre- 
sented to the insurance companies, to find one or more companies 
which would furnish forest fire insurance at reasonable rates, then the 
need for a public-owned insurance company would be clearly indicated 
and appropriate action should be taken to that end. 

FOREST INSURANCE AGAINST OTHER INJURIES 
THAN FIRE 

Fire is undoubtedly the risk that can first be covered by insurance. 
Once this is satisfactorily provided for there may be possibilities of 
insurance coverage against other injurious agencies affecting the forest. 
At the moment practical development along this line may seem remote. 
However, the transformation through insurance coverage of quanti- 
tatively unknown loss into known current annual expense and the 
change in management from an exploitation to a sustained-yield basis 
will have a stabilizing effect upon forest industry. These facts justify 
further study of the insurance situation. 
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CHAPTER 


Protection against Injurious Plants 

DEFINITIONS 

From the standpoint of forest protection all plants which in one 
way or another cause injury to the growing forest crop should be in- 
cluded in this discussion. Injurious plants as thus defined may be 
grouped into three general classes: fungi, mistletoes, and forest weeds. 
Plants which cause damage to cut forest products are not considered 
here as they fall outside the scope of forest crop production. Preser- 
vation from decay and other injuries of cut wood is an important 
problem for the wood anatomist but not for the silviculturist. 

Protection against injurious plants has often been regarded as 
synonymous with the subject of forest pathology, and this in turn with 
tree diseases. Hubert (1931) gives the following definition of tree 
diseases: “A tree disease may, therefore, be defined as any interference 
with the normal functioning of a sound tree resulting in disturbed or 
abnormal physiological action or the deterioration of any of its parts.” 
This is an exceedingly broad definition, so comprehensive as to take 
in injurious activities of practically all agencies affecting forests such 
as fire, insects, animals, atmospheric factors, and man in so far as 
they interfere with the normal functioning of trees. In other words, 
protection against tree diseases if carried to the logical conclusion be- 
comes practically synonymous with forest protection as a whole. 

This conception is too all-inclusive to be advantageously used in a 
general study of all the agencies against which the forest needs pro- 
tection. As a matter of fact, forest pathologists have never extended 
their consideration of tree diseases to the full limits which this defini- 
tion makes possible. For our purpose the term tree diseases will be 
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used in a relatively narrow sense as applying only to the plants that 
directly attack trees. 

The present chapter is devoted to consideration of the injuries to 
the growing forest caused by harmful plants which include princi- 
pally fungi, mistletoes, and forest weeds. The effects of the first two 
of these classes of plants may be spoken of as diseases, but the effect 
of the last class is not usually classified as a disease. 

GENERAL CHARACTER OF INJURY 

Every part of the tree both above and below ground is susceptible to 
injury by other plants: the roots, the trunk including bark, cambium 
layer, sapwood, and heartwood, the branches, needles, buds, and seeds. 
Some of the tree diseases are of an epidemic nature, and those caused 
by certain plants imported from foreign countries, such as the chestnut 
blight, may be so virulent continuously as to accomplish commercial 
extermination of their hosts. Other tree diseases may become epi- 
demic periodically as the result of favorable environmental conditions. 
Still others though always present in the forest and a constant source 
of loss rarely if ever develop into an epidemic stage. 

As pointed out in Chapter 1, both insects and fire usually arc rated 
more destructive in their effects upon the forest than the plants cov- 
ered in this chapter. Yet individual plants have the capacity for in- 
flicting injury on a large scale. Witness the chestnut blight, which in 
a period of about 50 years after its introduction into this country 
exterminated the chestnut as a commercial species over all its range 
and is still present in an epidemic stage. The rapidity of this attack 
and the completeness of the destruction over a large region are not 
characteristic of the work of most injurious plants. On the average 
they work more slowly than fire and insects, are disseminated un- 
noticed, may exist within their tree hosts for many years before re- 
vealing their presence, and often take several decades to accomplish 
the death and destruction of a single tree. 

The extent of the damage caused annually by plants has not as yet 
been even approximately estimated. The individual species are so 
numerous, the damage caused is so varied both in nature and in amount 
on individual trees in the same stand, and so much of the damage is 
invisible, occurring inside the tree, that it is practically impossible to 
make such an estimate. That the annual damage to standing trees 
from the numerous injurious plants affecting them runs well up into 
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the millions of dollars is unquestionable, even without including the 
abnormal epidemics such as that of the chestnut blight. 

The injury from plants may be classified under one of two types. 
The first is physiological, resulting in interference with the life proc- 
esses of the tree. Such interference may be so severe as to kill the tree 
or cause deformation of a part or of the whole tree. Sometimes the 
result may be simply a reduction in the growth rate of the tree. 

The second is technical. Injury ol this type may be invisible ex- 
ternally, like some heart rots, and cause no interference with the life 
processes, at least until the technical value of the tree is practically 
destroyed. In other cases external deformation or decay may lessen 
or ruin the value of certain portions of the tree for commercial use. 

INJURIES FROM FUNGI 

Among the plant diseases of forest trees, fungi are of primary im- 
portance. The fungi which attack the growing forest are parasitic. 
Saprophytic fungi obtain their nourishment from dead and dying wood 
and not from living trees. With the saprophytes the silviculturist has 
little concern since his forest crop is not attacked. Indeed, the sapro- 
phytes serve a beneficial function in the forest by hastening decay 
and the return of dead organic materials to the soil. Parasitic tree 
diseases, on the other hand, prey upon living trees and directly affect 
the yield and quality of forest crops. Under favorable conditions some 
fungi, generally classed as saprophytic, attack living though usually 
weakened trees. They then become parasitic in nature. 

The two most destructive classes of fungi attacking forest trees are 
the wood-destroying heart rots and the epidemic diseases which are 
virulent enough to cause rapid death of their host over wide areas of 
the country. Where a fungus of this epidemic type becomes estab- 
lished it causes more widespread and wholesale loss than the heart 
rots. Fortunately there are very few fungi of this type in the United 
States, and those few that occur are importations from other parts of 
the world. The destructiveness of such an epidemic is augmented by 
the fact that it may kill outright trees of all ages and thereby exter- 
minate a species commercially. If the species exterminated is the 
chief tree for management in the region, as was the chestnut on the 
eastern seaboard, tremendous damage results to the productiveness of 
the entire forest area. 

Fungi causing decay, in contrast, work very slowly, and, though 
ultimately they may totally destroy the timber value of the stand. 
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they require decades to accomplish this result. Furthermore, most of 
these decay fungi do not attack young trees but develop only after 
the trees are fairly well along in life because they live only upon the 
heartwood which is not formed in the early life of the tree. There 
are a great many species of decay-causing fungi, and practically every 
important timber tree is susceptible to attack by one or more species. 
Species which work principally in the heartwood and those which 
work in the sapwood are both found. Some of the fungi that cause 
decay in the sapwood work with far greater rapidity than the typical 
heart rots and may ruin the sapwood zone in the tree within a relatively 
few years. They can attack young as well as old trees since the sap- 
wood forms as soon as the tree begins life. 

The cumulative destruction of timber by these fungi is enormous 
in the virgin forest, for here the fungi may have been growing within 
the old trees for several hundred years and have rotted the entire tree 
except a relatively thin shell on the outside. The second growth for- 
est which follows present-day cuttings in old growth timber will in its 
turn be harvested on a shorter rotation and will not afford time for 
the heart rots to develop so extensively. Thus once the virgin forest 
is utilized heart rots will be of relatively less importance among the 
injurious fungi than they are today. 

The root rots are one of the most threatening types of fungi because 
they work and spread underground. Hence infected trees cannot be 
removed as sources of further infection as can those infected with 
species of decay fungi whose spread is restricted to the above-ground 
portion of the tree. Another serious feature of the root rots is that, 
unlike the heart rots, they are not restricted to older trees which have 
heartwood but may be prevalent in stands of all ages and may kill 
even young trees. The action of root-destroying fungi may be a large 
factor in accounting for losses from windthrow in certain localities. 

Other types of fungi, among which are the stem and branch cankers 
and rust diseases on foliage, result at least in loss of increment. Serious 
cankers of the Nectria and Strumella canker type may destroy the tree. 
The Strumella canker attacking oaks and the Nectria canker attacking 
many hardwoods cause the formation of cankers on the main stem and 
branches. These cankers gradually spread, and several occurring in 
a short space along the stem or even a single one may girdle the trunk. 
If the tree is not girdled it may be broken over at the point of attack. 
Although single scattered trees may be attacked the damage in the 
aggregate is very large. It is particularly bad because the best domi- 
nant trees in the stand may be attacked. 
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Fungi other than the heart rots are prevalent in stands of all ages, 
often attacking young trees and causing serious loss in middle-aged 
stands. In second growth timber they are likely to assume a role of 
major importance as compared to the heart rots. 

Many of the fungi which are prevalent in stands past the repro- 
duction stage kill or severely injure only occasional trees throughout 
the stand. These trees may be widely scattered or of too poor a qual- 
ity to pay to salvage. Injury of this sort, though it often appears 
serious, in reality may act as a crude thinning and can be disregarded 
unless it is too heavy or the better trees are attacked. Where the good 
species or the most promising individuals are the ones attacked by 
the fungus the results of such reduction in density of the stand may 
be exceedingly bad. 

Fungi are particularly destructive in forest nurseries because of 
the favorable conditions prevailing for their development. Here the 
trees are small and tender and grow in densely stocked beds containing 
only individuals of a single species. Death of the trees attacked, 
rather than partial injuries or reduction of growth, is characteristic of 
the work of fungi in nurseries. 

A variety of fungi attack the young trees, including damping-off 
fungi, root rots, diseases of the needles, stem rusts, and molds on stock 
buried under snow. One of the commonest types of disease is caused 
by the damping-off fungi which attack only the newly established 
seedlings soon after they have started. When uncontrolled, this disease 
causes wholesale losses in coniferous seedbeds amounting sometimes 
to the destruction of entire seedbed projects. The seedlings, attacked 
at the surface of the ground, quickly wilt, and perish within a very 
short time. Root rots, fungi attacking the needles, stem rusts, and 
mold may cause death of the seedlings attacked and prove a serious 
cause of loss in a given nursery. 

Method of Entrance 

Parasitic fungi though able to attack living trees must have a suit- 
able opportunity for gaining access. In young trees, before cork is 
formed in the bark, fungi often are able to enter through the uninjured 
bark if climatic conditions are favorable. More mature wood can be 
attacked only through a wound or opening in the protective bark cov- 
ering. Such wounds may be created in a variety of ways, as for 
example by fires, lightning, frost, storms, insects, branch stubs left by 
natural pruning, or wounds caused by logging. Artificial pruning of 
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live limbs may result in the entrance of fungi, although this subject 
has yet to be thoroughly investigated. Spaulding, MacAloney, and 
Cline (1935) found that, where live limbs over 2 inches in diameter 
were cut on eastern white pine, heartwood was exposed and infection 
by the mottled bark disease occurred. Some fungi enter through leaf 
stomata. Contact between roots of neighboring trees may result in 
infection of a sound tree by an adjoining diseased tree. With western 
white pine (Weir 1919), branch stubs furnish the principal points for 
attack; with white fir and incense cedar, fire, frost, and lightning are 
largely responsible (Meinecke 1915; Boyce 1920). Decay in the hard- 
woods of the Mississippi delta is correlated with the occurrence of 
fire scars (Hepting 1935). 

Sometimes decay progresses so rapidly after trees are fire scarred 
that unless salvaged immediately after a fire the scarred trees will 
within a few years be rendered unmerchantable through the attacks 
of fungi causing sapwood rot (Stickel and Marco 1936). 

The presence of fungi is revealed readily by the appearance of the 
fruiting bodies springing from the soil close to the base of infected 
trees or parts of the tree above the ground. Sometimes other parts of 
the fungi such as the mycelium can be seen. Where sporophores or 
other parts of the fungi are not in evidence there may still be disease- 
causing organisms within the trees. Although the fungi themselves, if 
sporophores are lacking, often are difficult to detect without dissection 
of the suspected diseased portion and sometimes necessitate a micro- 
scopical examination, yet there are numerous external signs of a dis- 
eased condition which indicate their presence. Unusual swellings of 
the butt section of the tree or around branch whorls, exudation of pitch 
from branch stubs or wounds, dead and dying leaves, twigs, and larger 
portions of the tree, deformities or unusual growth forms, and wilting 
of young plants are among the numerous indications of plant disease. 

It is not always safe to jump quickly to a diagnosis of the disease 
from a given symptom. Other agencies, such as insects or fire, may 
produce in certain cases practically the same symptoms as fungi. 
Frequently expert knowledge on the part of the diagnostician, giving 
due weight to a combination of symptoms, is needed to identify the 
disease. A hollow trunk, which sometimes can be seen or else be 
discovered by means of soundings on the butt or by taking a boring 
with an increment borer, is likely to indicate the presence of heart rots. 

A humid atmosphere, at least in the zone in which the fungi are 
developing, favors their growth because both the mycelium and the 
sporophores dry out very easily and require large amounts of water. 
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The forest regions where fungi are found in greatest profusion have 
humid, relatively warm climates which produce dense forests. Within 
such regions the stands growing on damp soils are likely to show the 
greatest injury. Environmental factors such as temperature, light, 
and moisture are of fundamental importance in keeping the trees 
themselves in a thrifty, vigorous state and in establishing conditions 
which will be favorable or unfavorable for the development of tree 
diseases. The effect of climatic factors apparently is not the same 
for all groups of fungi. 

There are always abundant opportunities for a fungus to enter a 
tree through wounds, such as fire scars or abrasions of the branch, 
dead branch stubs resulting from natural pruning, and leaf stomata. 
Whether or not a given fungus attacks the vulnerable points on a tree 
depends upon its presence in the region and upon the existence of the 
right environmental factors. 

Beneficial Effects 

The influence of fungi is not entirely injurious. They may be bene- 
ficial in destroying harmful insects and in accomplishing the rotting of 
the slash, thereby reducing the fire hazard and increasing the humus 
supply. Fungi are of value in forming mycorrhiza. Mycorrhiza fungi 
form layers over the small tree roots which carry on absorption from 
the soil. This increases the surface area of these absorption organs, 
making it possible for the mycorrhizal plants to absorb more nutritive 
substances from the soil. However, Hartley, Boyce, and others (1933) 
state that it is questionable whether mycorrhiza are always beneficial 
to the trees, although the right species of fungus will be helpful. 
Nitrogen-forming bacteria, which for our purpose may be included 
among the fungi, are of great importance in maintaining soil fertility. 

INJURIES FROM MISTLETOES 

In addition to the fungi, true mistletoes and dwarf mistletoes cause 
serious plant diseases on many species of conifers and hardwoods in the 
United States. The true mistletoes are most abundant in the south- 
ern states upon broadleaf trees. The dwarf mistletoes in contrast are 
prevalent on certain conifers in the western United States (Gill 1935). 

Very few if any of the important western conifers escape injury 
from dwarf mistletoes. They are particularly bad on ponderosa pine. 
This species suffers widespread damage from the dwarf mistletoes. 
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practically all the trees in some stands being infected. These plants 
anchor themselves upon their hosts and are evident externally and 
easily recognized. Though not true parasites, the mistletoes obtain 
water and some food materials from their hosts. The effect of mistle- 
toes upon the host tree is at least to cause a reduction in growth and 
a decrease in the stocking of the stand. Often a witch^s-broom effect 
is developed on individual trees. The entire tree may be killed if the 
mistletoes are numerous. 

METHODS OF CONTROLLING FUNGI 

Fungi cannot be kept imder control by fostering their enemies, for 
practically none exist. Against most species of fungi attacking forest 
trees, direct action is impracticable owing to the expense involved and 
to the fact that the vulnerable parts of many fungi are hidden inside 
the hosts. Under ordinary circumstances indirect methods must be 
used in preventing the inception of tree diseases and in controlling 
those already started. 

In forest nurseries the concentration of millions of young trees on 
small areas, with high money values per acre, enables the forester to 
afford direct control of fungi attacking the young plants. As soon as 
the necessary knowledge concerning the life history of fungi attacking 
nursery stock is known, control should prove practicable. Sometimes 
moving to a new nursery site or discontinuing the growing of a given 
species may be necessary. 

The damping-off fungi are controlled directly by the application of 
various chemicals, either in solution or as dusts, which act to disinfect 
the soil or render it more acid. The chemicals are usually applied 
before the seeds are sown although sometimes treatment is given after 
the seedlings are up. The best chemical to use is not the same in all 
forest nurseries but must be learned by experience. Sulphuric acid, 
Bordeaux mixture, formaldehyde, and aluminum sulphate are some of 
the chemicals which are effective against damping-off. Various needle 
diseases of coniferous nursery stock may be controlled by means of 
chemical sprays. 

Outside of forest nurseries very little direct control work should 
be attempted and results should be secured through indirect methods 
involving relatively small expense. The first step is to have a forest 
pathologist work out the life history of the fungus, provided this has 
not already been done. After the life history is known, practical steps 
to minimize the danger from the fungus can often be found and put 
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into effect. The work done by Hansbrough (1936) on the tympanis 
canker of red pine will serve as an illustration. This canker when 
discovered in 1932 had killed single trees and small groups of trees in 
red pine plantations. Investigation proved the fungus to be ordinarily 
saprophytic in habit but owing to drought conditions and too great a 
density of the stand it had temporarily become parasitic on the trees 
weakened by the shortage of soil moisture. The remedy advised was 
reduction of density by thinnings especially on the sites most subject 
to drought injury. 

Silvicultural measures for general use should be directed toward 
keeping the stands in a thrifty condition since trees in full vigor have 
the best chance of escaping attack by diseases. In substance this 
simply means the practice of good silviculture. Among the measures 
particularly recommended is the prevention of forest fires because of 
the part which fire scars play in affording points of entrance for fungi. 
An exception may be found to the complete exclusion of fire from an 
area where fire used under controlled conditions may have a beneficial 
effect in checking the fungus, for example, the brown-spot needle dis- 
ease on longleaf pine. 

Other silvicultural measures include the systematic use of thinnings, 
the avoidance of wounding trees in logging or at other times, and the 
elimination of all infected trees, even if unmerchantable, when cut- 
tings are made. In making thinnings in young and middle-aged stands 
containing trees of sprout origin, the question frequently comes up 
whether some of the individuals in a sprout clump can be safely cut, 
because of the danger that decay may enter the heartwood of the cut 
stub and thus pass into the remaining stems of the clump. As a gen- 
eral rule, stems 3 inches or less in diameter contain little or no heart- 
wood and if cut low should heal over before decay develops. Stems 
more than 3 inches in diameter offer a greater hazard, particularly 
where the union between members of the sprout clump is so high above 
the ground that direct connection exists between the heartwood of the 
several stems. All stems having high unions should be cut or all 
should be left. Where the union is low and consequently no above- 
ground connection occurs between the individual stems some may 
safely be cut and others left (Roth and Sleeth 1939). The age of a 
stand and the relative resistance to decay fungi of the species involved 
may warrant modifying this treatment. 

A sanitation clause often is included in timber-sale contracts on the 
national forests. This clause in substance provides that trees infected 
with disease shall be felled and so disposed of as to prevent their con- 
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tinuing as a menace to other trees. In theory it would be desirable to 
extend this work over all the forest area, thereby disposing promptly 
of all infected trees, rather than restricting such disposal to trees on 
timber-sale areas. Where a supply of labor as furnished during the 
existence of the former Civilian Conservation Corps is available this 
line of activity may be undertaken. Elsewhere the nature of the in- 
fection and the gains to be expected from the immediate removal of 
infected trees must be carefully considered before the work is at- 
tempted. Ordinarily the removal of infected trees can be justified 
under present economic conditions only on timber-sale areas where 
the return from the stumpage encourages a small investment for sani- 
tation. 

Hepting (1933) advises that in eastern hardwood stands, where trees 
bearing sporophores of heart-rot fungi are felled in sanitation opera- 
tions, the sporophores be knocked off the felled trees; otherwise they 
will continue as a source of infection to other trees. 

Sanitation cutting is the best method of controlling the canker dis- 
eases such as Nectria and Strumella, The best method of treating 
trees attacked by Nectria canker is to use them for cordwood and burn 
the remaining slash. If this is impracticable either girdling or felling 
will assist in reducing spore production (Spaulding, Grant, and Ayers 
1936). Strumella cankered trees should be felled but not necessarily 
removed or burned. They should not be girdled and left standing since 
the fungus will continue to fruit on the standing dead tree (Hepting 
1933). 

Pathologists have sometimes argued that naturally reproduced stands 
should be preferred to those established by planting, since the former 
are considered more secure against tree diseases than planted stands. 
This is particularly true when root rots are feared since planted trees 
are liable to injuries in planting which may encourage the development 
of root rots. How important this point really is remains to be investi- 
gated. The Fomes root rot is the most dangerous root disease which 
has been noted in various parts of America. This fungus has been 
found in stands both of natural and artificial origin. It had been a 
primary cause in killing old growth timber in the unevenaged natural 
stands of conifers in the mountains of California (Wagener and Cave 
1946). In these stands the fungus apparently does not require either 
wounds or dead portions of the root system for entrance into uninfected 
roots. Fairly close contact in the soil between a sound root and an 
infected one is enough for passage of the disease. The disease spreads 
from an initial center, usually a snag or stump. Hepting and Downs 
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(1944) found the Fomes root rot in eastern white pine plantations at 
Biltmore, North Carolina. Here apparently the fungus entered through 
dead roots, and these dead roots seem to be associated with poor root 
arrangement which the authors say could probably be traced to poor 
planting. They found a larger amount of rot in thinned as con- 
trasted to unthinned stands presumably originating from stumps cut 
in thinnings. 

This brings up the question whether the Fomes root rot is worse in 
thinned than in unthinned stands. Experiences in Europe apparently 
are divided on this point, although the more general opinion is that 
thinning helps in keeping stands healthy and consequently in reducing 
the amount of injury from this fungus. It would seem that the very 
dense overstocked condition of the Biltmore plantations must have had 
a good deal to do with the amount of Fomes root rot in the thinned 
stands. 

Miller (1943) in discussing the susceptibility of eastern redcedar 
to the Fomes root rot states that suppression of cedar by other species 
renders the tree susceptible to attack and that little loss may be an- 
ticipated if cedars on suitable sites are exposed to full sunlight. 

Deep planting of 6ome shallow-rooted species of which Norway 
spruce is an example often causes a new root system to be started near 
the surface of the ground and results in the death of the lower portions 
of the original roots. It is possible that dangerous root rots may thus 
be encouraged to attack the plantation while it is still very young. 

A risk incurred in planted stands arises from the possibility that the 
seed used in growing the planted trees may have come from a region 
not sufiSciently like the new location to make the planted trees fully 
acclimatized. Should this be true, the plantation may at some time 
in its long life be severely injured or destroyed by a fungus because of 
this weakness. The Scotch pine planted in the northeastern United 
States which is now threatened with attack by the Woodgate gall rust 
and other fungi illustrates this point (Hartley, Boyce, and others 1933) . 

It is therefore important from the pathological standpoint that only 
seed from suitable localities and of species native to the region be used 
in artificial regeneration. Unfortunately in much of the forest planting 
so far carried out in this country this rule has not been observed, owing 
partly to ignorance of the importance of this step and partly to the 
exigencies of the situation which often forced the using of seed and 
planting material at least suspected of being unsuitable. As time 
passes there will be less and less justification for failure to use the 
right species and seed from the right source. 
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Pathologically, mixed stands as contrasted to pure stands, and many- 
aged stands as contrasted to evenaged, are preferable for minimizing 
the danger from tree diseases. Mixtures of hardwoods and conifers 
are especially desirable, since the two groups are rarely attacked by 
the same fungi. 

Where sporophores borne on standing infected trees are a source of 
spreading a disease that causes serious injury to young and middle- 
aged timber, such as the Nectria and Strumella cankers on hardwoods 
in the eastern United States, the removal of infected trees, both on 
areas where timber is being harvested and also generally throughout 
the forest, is a sanitation measure of primary importance. It is essen- 
tial in intensive forestry if crops reasonably free from such diseases are 
to be grown. 

One possible method of control, in theory at least, namely the de- 
velopment of strains of trees immune to the dangerous tree diseases, 
has as yet received little attention in connection with the production of 
forest tree crops. The length of time involved in producing even a 
single generation of trees and the practical difficulties of tracing and 
governing parentage offer almost insuperable obstacles to the breeding 
of immune strains of forest trees. However, over long periods of time 
something may be accomplished in this line, although it is questionable 
whether the new tree itself will not prove unusually susceptible to 
fungus attack as has happened in horticulture. 

Control of Heart Rots 

Damage on a large scale from the fungi causing heart rots can be 
prevented in the timber crops succeeding the present one by use of a 
rotation sufiiciently short so that the decay-causing fungi do not have 
the opportunity to destroy more than a small percentage, if any, of the 
timber. The earliest age at which heart rots will cause appreciable 
loss in second growth timber is above the rotations which will ordi- 
narily be used when forest crop production is undertaken. This will 
minimize without any expense whatever future damage from that 
dangerous group of heart rots which today are the most destructive 
fungi in virgin timber. 

The question is pertinent whether active steps should be taken, when 
old timber badly infected with heart rots is cut, to prevent infection of 
the new crop. This might include not only the felling of all infected 
trees but also the treatment of the infected slash in such a manner as 
to prevent the production of sporophores. For this purpose the larger 
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pieces of slash, which are the only portions in which heart rots occur, 
might be charred by fire or be otherwise so treated as to insure their 
drying out and thus check the development of the fungi. The results 
which may be secured from any special treatment of the larger pieces 
of slash, defective logs, and standing dead trees in lessening or prevent- 
ing the production of sporophores by decay fungi do not justify the 
expenditures. A short rotation is so effective in eliminating serious 
losses from heart rots that the special treatment of slash should be 
unnecessary. 

The retention for seeding purposes of trees not infected by fungi is 
in theory the wisest plan, particularly from the genetic standpoint. 
Since the life processes of the tree are not interfered with by heart rots, 
the necessity of leaving sound seed trees is not so urgent as in dealing 
with some other types of fungi. Practical considerations may outweigh 
the theoretical ones and justify the retention of trees affected by heart 
rots. This has been done in Douglas-fir stands in western Oregon and 
Washington. 

Millions of acres of virgin timber still remain, principally in the 
western United States. Hence the problem of minimizing the loss from 
the heart-rot fungi now at work within the old trees of these stands is 
of importance. The trees which are still largely sound but rapidly 
becoming defective should be harvested if practicable, starting first 
with the stands which are decaying fastest. A stand of old defective 
timber may be making no net growth whatever and even be decreasing 
in volume each year. The greater the amount of cull material in the 
stand the more it needs treatment to remove or destroy the defective 
trees and enable healthy young trees to become established and occupy 
the area. Unfortunately, stands of defective timber usually cannot be 
logged except at a loss under the conditions of relative inaccessibility 
characteristic of virgin forest areas. Unless a present investment to 
make the forest productive can be justified, such areas will have to 
remain in their unproductive condition. 

Control of Introduced Diseases 

In dealing with diseases introduced from foreign countries and devel- 
oping in epidemic fashion upon native forest trees, the question of 
possible control has to be carefully considered, and, if a practicable 
method of control is at hand, prompt action should be taken or whole- 
sale destruction of the host may result. Up to the present time, two 
introduced diseases of the virulent type have ravaged certain of the 
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forests of the United States. These are the chestnut blight and the 
white pine blister rust. No method of combating the chestnut blight 
has proved practicable, and the disease may be said to have extermi- 
nated the American chestnut as a commercial tree. Impracticability 
of control is attributed to the favorable environmental conditions for 
the disease and to the fact that the life cycle of the fungus offered no 
loophole for cheap and effective attack. 

Efforts to control the chestnut blight, involving large expenditures 
of money, although pursued for some years were ill-advised and finally 
were abandoned. The activity along this line is now directed toward 
developing a strain of chestnut possessing the resistant qualities of some 
foreign species of chestnut combined with the timber-producing quali- 
ties of the American chestnut. 

On the other hand, the white pine blister rust, though finding an 
environment well suited for its development, is susceptible of control 
at a reasonable expenditure because of a weak link in its life cycle. 
This weakness is the fact that the disease has alternate hosts and can- 
not pass directly from one white pine to another white pine but must 
return to a Ribes (currants and gooseberries) bush before attacking an 
uninfected white pine. Control methods are applied to take advantage 
of this vulnerable point in the life cycle of the disease. 

The white pine blister rust (Spaulding 1911), first introduced in 
America from Europe about 1900, is now distributed over the range of 
eastern and western white pines and sugar pine. Once the rust is estab- 
lished in a locality, the five-needled pines are subject to severe damage 
unless control measures are applied. The disease is susceptible of local 
control at expenditures that, for eastern white pine at least, make it 
possible to continue the profitable growing of this species over most 
of its commercial range. The western five-needled pines are more sus- 
ceptible to infection than the eastern white pine and are associated 
with more Ribes, which are more difficult to eradicate than the eastern 
varieties. Control though more expensive than in the East should 
prove economically practicable on the areas best suited to western 
white pine, but probably not for sugar pine. 

Control measures consist of the systematic removal of all species 
of Ribes, the alternate host plants of the disease. This prevents the 
disease from spreading to uninfected pine trees on the areas so treated. 
The Ribes should be removed not only from the pine area to be pro- 
tected but also over a protection zone of varying width (up to 900 
feet for white pine in the East) surrounding the pine area. 
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Three principal methods of Ribes eradication have been employed 
(Martin 1938; 1944) : 

1. Hand methods, which are used mainly in the eastern states and 
in upland types in the western states. The Ribes are either uprooted 
by pulling or by a suitable grubbing tool. 

2. Spraying with chemicals (Offord et al. 1940). This has been 
used in the West on areas where there is a dense concentration of 
Ribes, making hand methods impractical. It has been applied where 
the bushes are very large with their roots located under rocks where 
they could not be hand pulled. The stream bottom land in the western 
white pine region is the principal place where chemicals have been em- 
ployed. Mixtures of sodium chlorate and calcium chloride are applied 
in the form of a spray. The spray is put on with a back-pack hand 
pump. For destroying large bushes, the Ribes may be cut off at or 
below the ground level and a small quantity of liquid or dry chemical 
applied to the stump. 

3. The third method may be termed the mechanical method. It is 
used only in the western states and ordinarily has been accomplished 
by a bulldozer fitted with a steel rake that clears the land of Ribes and 
brush. It is used only on areas where it is wished to permanently elimi- 
nate mixtures of brush and Ribes. The brush is finally burned and 
grass seed sown on the cleared area, which then becomes a meadow. 
The expense of clearing the land and sowing to grass should be returned 
over a 10-year period through sale of hay. 

Following the initial removal of Ribes, the areas will need reeradica- 
tion at intervals throughout the rotation approximately 5 years apart 
to remove Ribes that were missed in previous operations or that have 
originated from seed. The costs of these subsequent operations are 
materially lower than that of the original, since fewer bushes are found 
and since, generally, only a portion of the area needs attention. 

In New England the average cost per acre (based on labor costs as 
of 1929) of the first three Ribes eradications will be in the neighbor- 
hood of 30, 15, and 10 cents per acre respectively (Perry 1929). These 
costs, including compound interest to the end of the rotation, represent 
an annual charge of only a few cents per acre per year for the actual 
area of pine protected. The cost will be higher for small areas of pine 
than for the larger holdings, because the zone cleared of Ribes, on the 
outside of the pine area, decreases in ratio to the pine area protected 
as the size of the latter increases. 

In most eastern white pine areas, an allowance of 7 cents per acre 
per year for stands of pine 200 acres in size should be ample, with lower 
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figures for larger areas. In regions where blister rust is established, 
eradication of Ribes must be practiced as a regular operation in the 
growing of five-needled pines. As additional precautions against the 
blister rust, the white pines should be grown in dense stands (because 
the Ribes cannot thrive and spread under heavy canopy) and if planted 
should be set out only in localities where Ribes eradication can be 
carried on cheaply. 

The effect of shade in slowing up or preventing the developing of 
Ribes bushes is being recognized in securing control of the disease. 
Foresters are urged to keep stands as close as possible, avoid heavy 
thinning, and reproduce by partial cutting. While from the standpoint 
of blister rust alone this may be good advice, it is questionable whether 
it can always be applied if the purpose of management is to continue 
to grow white pines. With both eastern white pine and western white 
pine, partial cuttings are likely to increase the percentage of other 
species and ultimately to cause the type to revert to something other 
than white pine. Certainly for eastern white pine the cost of Ribes 
eradication is sufficiently low so that areas can be kept reasonably free 
of Ribes and the pine stands properly thinned and reproduced in the 
manner most likely to secure good crops of pine. In the case of the 
western white pine the cost of eradication is much higher and there is 
a question as to whether on any but the best lands continuous growing 
of western white pine can be justified. 

Wellner (1946) advises partial cutting methods for mature stands 
of western white pine, changing over from the customary method of 
leaving seed trees in this type. The latter method resulted in en- 
couraging the growth of Ribes which had consequently an opportunity 
to infect the pine seedlings. The cutting of about 25 to 60 per cent of 
the merchantable timber is advised, leaving a thrifty stand which is 
removed in one or more cuts after the Ribes have been suppressed and 
adequate reproduction of white pine obtained. Wellner also advises 
in overmature stands and in less vigorous mature stands that all the 
merchantable material be logged and the slash, debris, and Ribes be 
disposed of by prescribed broadcast burning. Prescribed burning, in 
this case, consists of first a slow fire which consumes slash and kills the 
defective residual stand. Some of the Ribes seed stored in the soil is 
consumed, and the remainder germinates. Three to five years later the 
standing material on the area is felled and a second burn is run broad- 
cast over the area, killing the Ribes bushes and any remaining Ribes 
seed in the soil. After this double burn, the area is planted to pine. 

An illustration of the eradication of an introduced fungus is fur- 
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nished by the history of the larch canker in central and southern New 
England (Hahn and Ayers 1936). Reported in 1927 and probably 
introduced in 1904-1905, it is now considered eradicated. The reason 
for such complete success is attributed to the fact that larch is a scarce 
tree, principally found in plantations in the infected territory, plus the 
fact that, since this disease was believed to be a potential menace to 
Douglas-fir on the West Coast, sufficient funds for prompt eradication 
were easily secured. 

Other diseases may in the future warrant similar measures of special- 
ized control. Past experience with chestnut blight, white pine blister 
rust, and larch canker should be ample to indicate the advisability of 
a carefully enforced quarantine against the entrance of foreign plant 
material capable of introducing fungi new to this country. 

METHODS OF CONTROLLING MISTLETOES 

The cutting of infected trees is the only practicable method of con- 
trolling mistletoes, which spread easily and rapidly from tree to tree. 
In western conifer stands, the infected trees arc continually spreading 
these parasitic plants. Until the advent of the Civilian Conservation 
Corps very little could be done toward removing mistletoe-infected 
trees, other than on timber-sale areas to cut those that were merchant- 
able and fell the unmerchantable trees under the sanitation clause. 
Now that this corps has ceased to function, an additional supply of 
labor must be found before areas of young and middle-aged timber can 
be gone over and freed of mistletoe-infected trees. 

Even when labor is available and the work appears economically 
justifiable complete eradication of the mistletoe is difficult, unless the 
infected area is clearcut. Some infections on apparently healthy trees 
are hard to find. In heavily infected stands the problem may be com- 
plicated by the necessity of leaving part of the stand to secure the 
establishment of reproduction. Where advance growth is established, 
all mistletoe-infected trees should be cut, if possible, before the advance 
growth is infected by the overstory trees. 

THE FORESTER AS A PATHOLOGIST 

The practicing forester should recognize the outward signs of attack 
by hidden fungi and be continuously on the watch for symptoms indi- 
cating a diseased condition of the trees. This does not mean that he 
needs to know each species of fungi, but he should be familiar with the 
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kind of injury caused by each of the various types and be able to rec- 
ognize their presence in the forest. To determine the exact species 
causing the injury and to work out the life history and possible control 
measures for forest diseases as yet uninvestigated, a forest pathologist 
should be consulted. Ultimately a government service organization of 
experts trained both in forest pathology and in forestry should be pro- 
vided to furnish just this type of assistance to the practicing forester 
and landowner. Assistance in fire protection, state- and nationwide in 
its application, is already furnished, and it is logical that a similar kind 
of aid should be provided in disease protection. 

The help given by federal and state pathologists to private land- 
owners in the eastern white pine region in eradicating Ribes illustrates 
the type of service which should be furnished for all pathological 
problems rather than for controlling one fungus alone. 

In estimating standing timber it is necessary to determine the per- 
centage of cull which must be deducted for timber decayed by heart 
rots. Timber cruisers and foresters have already become expert in 
recognizing the outward signs of hidden heart rots and are able to make 
reasonably accurate appraisals of the loss from this source to be ex- 
pected when the timber is cut. Where old growth timber is still 
abundant, estimating cull may well be the most important pathological 
function of the forester and woodsman. However, as the old growth 
timber disappears, the relative importance of heart rots as compared to 
other types of fungi shrinks and the forester will need a broader knowl- 
edge in order to protect his second growth forest. The purposeful grow- 
ing of forest crops will create and intentionally maintain forest condi- 
tions which, in contrast to the virgin forest, will favor the development 
and spread of many fungi other than heart rots. 

The average forester today fails to appreciate how threatening a 
factor attacks by injurious plants may prove to be in the production 
of forest crops and how necessary for success it will be to adjust man- 
agement practices to meet these attacks. 

INJURIES FROM FOREST WEEDS 

Forest weeds include various kinds of plants — herbs, shrubs, vines, 
and many tree species. They are all alike in one respect, namely, their 
position with reference to the desirable trees in the forest. This posi- 
tion is a dominating one. The forest weeds overtop the better tree 
species and threaten by their competition to stunt, deform, and kill 
them. All forest weeds arc characterized by the ability to outgrow in 
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height, at least for a short period of time, the desirable crop trees with 
which they are associated. Thus, the forest weeds obtain a dominant 
position in the crown canopy early in life and so long as this position 
is retained exert injurious competition. Grass overtopping very young 
trees and inferior species like gray birch dominating eastern white pine 
are two examples of forest weeds. Such weeds are most numerous and 
threatening on rich soils and in tropical climates, where growth is 
extraordinarily rapid and the site is adapted for a large number of 
plants. Forest weeds, however, are found in the great majority of 
forest types. 

As soon as crop production is taken up, this nearly universal and 
frequently important type of injury by plants demands recognition and 
the adoption of measures to secure the safety of the crop trees. The 
objective should be to prevent the forest weeds from obtaining a domi- 
nant place in the stand. If this can be accomplished the crop trees 
will be relieved of serious overhead competition and will develop un- 
hampered by forest weeds. 

When treatment is started too late to prevent the forest weeds from 
growing into a dominant position overtopping the crop trees, then the 
elimination of this competition should be undertaken as soon as it is 
discovered. 

The encroachment of forest weeds upon the desirable trees frequently 
starts the very year that the new crop is established. Oftentimes such 
competition is hardly suspected, particularly when herbaceous plants, 
such as grasses, constitute the forest weeds. Grass competition may be 
very serious for the young crop starting underneath. Pearson (1934) 
found in the ponderosa pine forests of the Southwest, where certain 
grasses were abundant and luxuriant, that seedlings of ponderosa pine 
could not survive unless a large share of the overtopping grass competi- 
tion was eliminated. 

METHODS OF CONTROLLING FOREST WEEDS 

Methods of preventing or controlling damage from forest weeds con- 
sist in killing or removing those plants which either are going to obtain 
or have already obtained a dominating position over the trees which 
it is intended to develop into the ultimate crop. A variety of methods 
exist for accomplishing this purpose. Cutting the forest weeds is the 
simplest and usually the method first tried. Such work often proves 
expensive unless the forest weeds have a sale value. Hence a cheaper 
method is sought. Modifications of the usual cutting method include 
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treatment of the forest weeds with applications of poison or by girdling 
the stems. 

The effect of girdling is to cause the gradual death of the plant, 
thereby removing its competition. In order to be effective, the girdling 
must go through the bark and preferably well into the sapwood. Even 
though the plant may not die during the first season, the girdling re- 
sults in a lessening of the competition and ordinarily in the death of 
the plant within 1 to 3 years. The details of applying the girdling 
method should be arranged to fit the species with which it is being 
employed. Girdling has an advantage over actual felling in that the 
overtopped trees are uncovered gradually and the damage from falling 
limbs is less than in felling. Girdling is adapted only for use in dis- 
posing of the larger forest weeds. Any stems less than 5 inches in 
diameter can be felled more cheaply than girdled. 

Several methods of girdling are quite generally recognized (Westveld 
1942) as follows: 

Notching j in which a notched ring is cut around the tree through the 
bark and to 2 inches deep into the wood. 

Single-hacking, in which a single line of overlapping ax cuts is made 
completely around the tree. The cuts go through the bark and into 
the wood. 

Double-hacking, in which a line of chips is removed completely 
around the tree by the process of striking two downward blows one 
about 3 inches above the other, thereby enabling a chip to be thrown 
or pried out. 

Peeling, in which the bark is stripped off in a band at least 8 inches 
wide completely around the tree. 

Notching is expensive but effective and should be used on trees 
difficult to girdle properly, such as those with infolding bark. Single- 
hacking is relatively cheap and if well done accomplishes the purpose 
of killing the trees, but careless work is difficult to discover until too 
late because no chips are thrown out. Double-hacking is likely to 
secure better results than single-hacking, if done by unskilled labor, 
and is easier than notching because the ax strokes are all downward 
rather than partly horizontal or upward. Peeling can be done very 
cheaply in the spring and early summer when bark strips off easily. 

Peeling has a further advantage, when preventing the girdled trees 
from sprouting is important. This is sometimes, though not always, 
essential. Sprouting of girdled trees is made possible by the reserve 
food supply in the roots. If this food is allowed to pass up the tree into 
the crown, as it would be if the girdling is restricted to bark peeling, 
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sprouts will not be immediately developed below the girdle. Since no 
food can now pass downward from the crown to the roots, because a 
ring of bark has been peeled, the roots get no more food and finally die. 
Their death is followed by the death of the top. 

Sometimes poisoning will prove more effective than either girdling 
or felling. A ring of incisions is cut around the stem, and the poison 
solution is introduced through these cuts into the sapwood. It is not 
necessary that the cuts join entirely around the stem, but they should 
not have gaps between them of more than 1 or 2 inches. The cutting 
is done usually with an ax or hatchet, although a special tool has been 
devised by Cope and Spaeth (1931) for the purpose of applying poison 
solution to the tree. 

Pessin (1942) developed a method of placing sodium arsenite in holes 
bored or punched in the stem or roots of the tree with a special patented 
punch mounted on an ax head. One hole is enough for a 3-inch tree 
and two for a 5-inch tree. The holes are filled with sodium arsenite 
solution, which is soon absorbed by the tree with little chance for 
animals to be poisoned. The cost was estimated at less than 1 cent 
per tree. The method is advised for killing small oaks 2 to 4 inches 
in diameter overtopping longleaf pine. 

The choice between poisoning and girdling will often be made on the 
basis of the relative freedom from sprouts arising from the roots of the 
treated forest weeds. Apparently, all species do not respond in the 
same way to girdling and poisoning operations. Sometimes, but not 
invariably, poisoning proves efficient in preventing resprouting. The 
season of the year also may affect the extent of sprouting. 

Though poisoning has already proved an effective method, it has not 
as yet been employed so extensively as felling and girdling for killing 
undesirable trees. One reason for this is the danger to the operators 
in handling the poison and the probability of killing domestic animals 
and wildlife. Another objection is the cost which in many cases is 
higher than for girdling. If Pessin’s method proves as cheap and ef- 
fective in other forest types as in longleaf pine, the use of poisoning is 
likely to be increased. Poisoning has the same advantage as girdling 
in that the dead trees go to pieces slowly and cause very little injury 
to the released trees. 

Where the competing forest weeds are of small size and palatable to 
animals their elimination as serious competitors of the desired crop 
trees sometimes may be accomplished without expense by admitting 
livestock to the area. The livestock are expected to eat the grass and 
other palatable forest weeds and leave the crop trees not only uninjured 
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but freed of the overtopping weeds. This method is of value only if the 
animals prefer to browse upon the forest weeds instead of upon the crop 
trees which need release. In the rare case where the species to be re- 
leased from forest weeds is as fire-resistant as longleaf pine, a con- 
trolled fire may be run over the area killing the weed species but not 
harming the favored species. 

The operation of treating forest weeds overtopping crop trees is 
known in silviculture as a cleaning, weeding, or release cutting. This 
is a well-recognized and necessary cultural operation in all intensive 
forest management and is best considered in full detail when studying 
silviculture. The object of discussing the operation here is to empha- 
size its importance from the forest protection viewpoint. 
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CHAPTER 


Protection against Insects 

EXTENT OF THE DAMAGE 

The annual loss caused by insect depredations is more difficult to 
estimate accurately than the fire loss, because for fires statistics (in- 
complete to be sure) are gathered by nearly all forestry organizations 
whereas there are no detailed records of losses caused by insects. Gen- 
eral estimates made by entomologists on the basis of observation and 
consultation with other experts furnish the best available information. 
Figures issued by the U. S. Forest Service (Anonymous 1946) indicate 
that insects, disease, and wind combined (with some other minor de- 
structive agents included) cause a drain on the forest more than twice 
as large as that caused by fire. It may be that annual destruction 
caused by either insects or disease is in excess of the annual damage 
by fire. 

This situation will continue in the United States certainly as long as 
there remain extensive bodies of virgin timber because of the great 
susceptibility of mature and overmature stands to insect attack. Spec- 
tacular losses from insects occur today in areas of virgin timber located 
in inaccessible regions where timber of high quality is killed without 
the possibility of salvage. After the virgin timber has disappeared, 
insects will still remain a major source of injury to forest crops, for 
second growth timber is attacked by many serious insect pests. From 
the practical standpoint, a much larger proportion of the annual dam- 
age caused by insects is unpreventable than of that caused by forest 
fires. Insect depredations cannot be so directly and completely pre- 
vented as forest fires. 
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CHARACTER OF THE INJURY 

Insect depredations range from slight injuries to single trees up to 
the killing of a large proportion of the timber over extensive regions. 
Insects may deform, weaken, or kill single trees or cause a reduction 
in the growth rate. The killing of many trees on a given area is easily 
observed. Damage to single trees and small groups of timber often 
goes unnoticed, although in the aggregate it must reach a tremendous 
total and may exceed the loss in the large outbreaks. 

There is always an insect population in the forest continually causing 
some injury which may be termed the normal amount of damage for 
the given insect. This represents the endemic stage of insect injury. 
At certain times the normal population of a given insect multiplies 
enormously. Consequently the damage is increased on the areas af- 
fected and the insect is considered in the epidemic stage. Injury from 
these insect epidemics or outbreaks occurs periodically at irregular 
intervals whereas the endemic or normal attacks are of annual re- 
currence. 

Some insects cause serious damage only when in the epidemic stage ; 
other insects, owing to the type of injury which they inflict even when 
present in small numbers, may always be a source of significant 
damage. For example, one small brood of the white pine weevil work- 
ing in the terminal shoot is likely to cause a serious crook in the main 
stem of the tree. This class of injury may be expected year after year 
even though the insect may never increase in numbers to an epidemic 
stage. In contrast, the gypsy moth may be present year after year in 
a forest eating the foliage, thereby weakening the trees and reducing 
the growth rate, but until this insect builds up sufficiently in numbers 
to reach an epidemic stage and cause abnormal stripping of foliage the 
damage is overlooked. Thus, no attention is paid to the damage done 
by many insects except when periodically they attain epidemic propor- 
tions, whereas the annual more or less normal, endemic damage of 
many other insects actually is a matter of serious concern each year. 

In no part of its life cycle is the tree free from insect enemies. The 
seed even while it still remains upon the mother tree may be destroyed 
by insects. After germination of the seed, the young trees are exposed 
throughout life to a succession of insects each suited to the size and 
condition of the tree. A cutworm, for example, may kill a tender young 
seedling but not a 50-year-old tree. Some species of insects prefer or 
are restricted in their attack to trees of a certain age, either preying 
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upon young reproduction, upon saplings and poles, or upon mature in- 
dividuals. On the other hand some insects, such as defoliators, may 
feed on trees of all ages. 

Where small seedlings of a single kind are concentrated by the mil- 
lion in limited space, as in forest nurseries, the damage by certain 
types of insect enemies may develop on a wholesale scale. Natural 
reproduction starting on cutover areas is often seriously injured. In 
stands approaching maturity outbreaks are likely to develop which 
may destroy the whole stand. Such outbreaks are not confined entirely 
to old timber, but, because stands particularly those in the unmanaged 
forest decline in vigor with advancing age, certain types of insects such 
as bark beetles are able to build up to epidemic stages more readily 
than in middle-aged and young timber. As far as defoliating insects 
arc concerned it is more a question of abundant foliage than of a weak- 
ened vigor of the tree, and epidemics may build up in relatively young 
stands. On the whole, stands from the reproduction stage until early 
middle age suffer less from insects than those younger or older. 

Insect outbreaks in American forests have so far been of more com- 
mon occurrence and of more serious consequence in coniferous than in 
hardwood forests. Pure stands of conifers are particularly susceptible. 
Conifers do not recover so easily from insect injuries as do hardwoods, 
because hardwoods contain greater reserve stores of food and replace 
injured parts more readily. As an illustration, complete defoliation 
by the gypsy moth ordinarily causes the death of a conifer, whereas 
a hardwood tree may survive several defoliations. 

Every part of the tree including the roots, buds, seed, leaves, cam- 
bium, bark, sapwood, and heartwood has its own particular insect 
enemies. Each species of tree may be attacked by distinct species of 
insects, although most insects attack more than one tree species. 

The injury inflicted may be of a physiological or of a technical 
nature. Under the former come injuries such as defoliation, deforma- 
tion, sap sucking, and girdling, which interfere directly with the physio- 
logical life processes of the tree; under the latter are included injuries 
such as those by wood-boring insects, which may ruin or reduce the 
value of the tree for commercial products but which do not interfere 
directly with its growth. 

The killing of trees by insects increases the amount of inflammable 
material in the forest and makes the forest more open. Both these 
points tend to increase the fire danger. Insect epidemics are often fol- 
lowed by disastrous fires made possible by the fuel in the insect-killed 
trees. 
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Conversely, fires injuring the standing timber are likely to be fol- 
lowed by a larger amount of loss from insects than occurred before the 
fire. This may be explained by the fact that the vitality of trees dam- 
aged but not killed by the fire has been reduced, and sometimes both 
the sapwood and heartwood of injured but still living trees have been 
exposed. The entrance of insects through the fire scars and as a result 
of the weakened condition of the trees often occurs shortly after a fire. 
The fire frequently exerts an attractive influence for insects in the 
neighborhood. But though they may come to the fire-injured trees in 
large numbers they may not always find conditions suitable for de- 
velopment and may perish in their new environment. 

The opening of the forest through the killing of trees by insects 
usually results in understocked stands and decreased growth per acre. 
It is possible that the loss of insect-killed trees will act as an excellent 
thinning, increasing the growth of the remaining stand. Although this 
possibility is recognized the chances are against obtaining exactly the 
right degree of opening as a result of insect attacks. 

Insects frequently make possible the introduction of fungi into pre- 
viously sound trees. This may be done by the insect directly in carry- 
ing the fungus to the tree, or the holes left by insects may afford open- 
ings through which infection by fungi occurs. Some of the scale insects 
and boring insects are the ones most likely to assist in the spread of 
fungi. 


INSECTS RESPONSIBLE FOR THE DAMAGE 

Leaf eaters and boring insects constitute the two most destructive 
classes of forest insects. Among boring insects the bark beetles of the 
genus Dendroctonus are of particular importance. In the western half 
of the United States the prevailing coniferous forests of virgin timber 
suffer their greatest insect losses from the ravages of these bark beetles. 
In regions of second growth timber the bark beetles may be relatively 
less injurious than other insects, especially the defoliators. In the 
forests of red spruce and balsam fir in the northeastern states, the 
spruce budworm, a defoliator, is far more dangerous than bark beetles. 
As the virgin timber is exhausted and is replaced by second growth, the 
leaf eaters are likely to occupy the primary place as insect enemies of 
the forest. 

Even in the virgin forest leaf-eating insects may assume threatening 
proportions. An outbreak of the pandora moth, a dangerous defoliator 
of ponderosa pine, is reported to have extended over 400,000 acres of 
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virgin forest in southern Oregon between 1918 and 1925 (Anonymous 
1933, p. 724). Growth was reduced approximately 32 per cent as a 
result of the epidemic. The forest is made more susceptible to attack 
of bark beetles as a result of defoliation. 

Various systems of classifying forest insects have been proposed. 
Graham (1939), basing his classification to considerable extent upon 
part of the tree attacked and method of attack, divides forest insects 
into: 

1. Leaf-eating or defoliating insects which devour the foliage. 

2. Insects feeding upon the meristematic tissues, which include the 
cambium layer, the growing tips, and the adjacent soft portions of 
the xylem and phloem. These tissues are rich in protein and afford 
palatable food to many species. Graham recognizes three groups of 
such insects, namely, (1) those feeding on the terminal parts of trees 
including twigs and roots, (2) insects working in the cambium region 
of the trunk and branches (the important group of bark beetles falls 
into that class), and (3) those attacking both cambium and wood. 

3. Sap-sucking insects. These insects obtain their food by sucking 
the sap from trees. They are serious pests principally on nursery stock 
and in young stands. 

4. Wood destroyers (principally secondary * insects on forest prod- 
ucts rather than on standing green timber). 

In addition to the four classes of insects attacking trees there are 
two other classes which attack insects and so far as they attack in- 
jurious insects are of importance in forest insect control. These two 
classes are: (1) parasites or insects which for a part of their life cycle 
live in or on one individual insect and gradually consume it, and (2) 
predators or insects which kill many individual insects. 

Forest insects may be classed as injurious, beneficial, or neutral. 
The beneficial insects function either as parasites or as predators. Neu- 
tral insects are those present in the forest which have no distinctly 
beneficial or injurious influence. 

It is outside the scope of this book and unnecessary for the purpose 
at hand to describe here or even to list the species of insects affecting 
forest trees. For detailed lists and descriptions of injurious and bene- 
ficial insects, the literature treating forest insects should be consulted. 
For this the reader is referred to Craighead and Middleton (1930), 
Doane, Van Dyke, Chamberlain, and Burke (1936), and Graham 
(1939). Under the methods of control, considered in a later part of the 

♦Secondary insects are those which cannot attack and normally develop in a 
healthy tree in contrast to primary insects which can do so. 
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chapter, a few examples of specific insects are discussed in order to 
illustrate the type of methods practicable in controlling the more im- 
portant classes of insects. 

CAUSES OF INSECT ATTACKS 

Insects attack trees merely to obtain food, for example the leaf 
eaters, or to secure food and places in which to breed, for example cer- 
tain bark beetles and wood-destroying insects. The need for food is 
the underlying cause of insect attack upon the forest. Man’s attention 
has been called to the forest insects only because of the awakening 
interest in forest crop production, largely developed during the last 
four decades. However, forest insects have been in need of food for 
many centuries and indeed have been present and active presumably 
as long as forests have existed. Certainly insect attacks on a large 
scale are not of recent origin, for there is evidence of widespread de- 
struction in the past. 

The climax forest has sometimes been thought of as having a stable 
equilibrium, the forest being maintained indefinitely in its existing 
character. This concept is not borne out when the virgin forest is 
investigated. A stable equilibrium has not been maintained at all 
times, but on the other hand the composition and form of the forest 
often have changed appreciably over a period of several hundred years. 
Natural catastrophes and the actions of early men were the principal 
contributors to this Jack of stability. Undoubtedly the forest insects 
rose and fell in numbers as a result of the changes in the forest, and 
they undoubtedly contributed significantly in effecting some changes. 

Today the influence of man overshadows the importance of natural 
catastrophes in changing and controlling the character of the forest. 
Man is now starting to produce forest crops, and a situation with re- 
spect to forest insects and forest crops somewhat similar to that already 
existing with respect to agricultural crops and insects will develop. 

The experience in agriculture and in forest crop production in Europe, 
as well as limited instances in this country, indicates that, with the 
violent changes from the wild unmanaged forest caused by harvesting 
timber and carrying on cultural operations, new conditions favorable 
for the multiplication of one or more injurious insects will be created. 
This cannot be helped if desirable forest crops are to be grown and 
harvested, even though the extent and nature of the changes from the 
original forest is minimized. 
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Under normal conditions an insect will be found occurring in rela- 
tively small numbers, attacking single trees or small groups of trees 
here and there throughout the forest. When for some reason conditions 
become particularly favorable for rapid multiplication, the insects will 
increase enormously in numbers and extend their ravages. 

Unquestionably forestry operations will in the future be a cause of 
many incipient insect outbreaks. But it is doubtful that they can re- 
sult in destruction any greater than has been experienced in unmanaged 
virgin forest. Control measures, it is hoped, will prevent these in- 
cipient outbreaks from becoming actualities. One of the effects of 
logging operations and forestry practice in the United States has been 
to create more pure stands than previously existed. Since pure stands 
imply the concentration of a large supply of one kind of food, they 
offer an unusual opportunity for the rapid increase of an insect partial 
to that particular food. This undoubtedly has been an important cause 
in some places for increased insect activity. On the other hand, plenty 
of food is supplied in many mixed stands for the development of a 
serious outbreak. 

Insects, just the same as trees, have climatic requirements for their 
optimum development and also for their existence. Climate limits the 
distribution of insects. Inside the climatic zone embracing the range 
of an insect, its seasonal and regional development will be influenced 
principally by fluctuating temperature and moisture conditions. Tem- 
perature and moisture exert upon the insect not only a direct influence 
but also an indirect influence through affecting the health of the trees 
favorably or unfavorably. For example, a drought weakens the trees 
and hence they succumb more readily to insect attacks which would not 
prove serious on vigorous individuals. 

The requirements for heat and moisture are not the same for all 
insects. An increase in humidity or in rainfall may favor the develop- 
ment of some insects but inhibit that of others. Each insect has tem- 
perature limits below and above which its activities are curtailed and 
death ensues. On the whole, more species of insects occur in warm 
climates and at low elevations than at high altitudes and in cold 
climates. 

In general, favorable weather conditions and an abundant supply of 
the insect^s preferred food, together with a low population of the in- 
sect’s parasites, are the principal causes leading to development of an 
insect outbreak. 
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Protection against Insects 


METHODS OF CONTROL 

The ever-present danger of serious losses from insect depredations 
justifies the development of a systematic plan for the prevention of 
injury and the control of insect outbreaks. Eventually it will be 
recognized that protection from insects merits as careful consideration 
as protection against fire. Prevention of insect outbreaks and reduc- 
tion of the endemic losses to the absolute minimum are the goals sought. 
As with fire protection, prevention of a serious attack is always prefer- 
able to control of an outbreak once started. Direct control should be 
resorted to only as a final effort. 

As a starting point, full information is needed in regard to the 
insect: its life history, food preferences, natural enemies, and frequency 
and causes of outbreaks. This knowledge may reveal some weak point 
in the life cycle of the insect, and it is essential in planning control 
measures. 

The damage from forest insects can never be entirely prevented. 
Countless species of insects live in and feed upon the forest. A large 
share of them exist without the forester^s being aware of their presence 
or of the damage caused. Most of these insects never develop into real 
forest pests and must ordinarily be disregarded in plans for insect 
control. It is impracticable to attempt control of the damage caused 
by these minor insect enemies of the forest. A relatively small number 
of insects constitute the list of serious forest pests whose ravages must 
be controlled. 

The intensive methods of prevention and control possible in the pro- 
tection of shade and orchard trees cannot be applied to forest crops, 
because of the high cost in relation to the value of the resource threat- 
ened. Even in the forest much can be done, largely through indirect 
methods, in the way of preventing outbreaks of the serious forest insect 
pests. Eventually a large share of the loss due to insect outbreaks can 
be prevented without appreciable extra cost by proper forest manage- 
ment. The principle of spending a large amount per acre on a small 
area may be justified, provided the expenditure insures safety for a long 
enough time over sufficiently large adjoining areas. 

The complete extermination of an injurious insect is practically im- 
possible. Since dangerous insects are always present, the primary ob- 
jective should be to prevent their increase to dangerous numbers. In 
many forest types this objective can be attained through proper forest 
management. Occasionally such favorable natural conditions for rapid 
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multiplication of an insect occur that this insect reaches an epidemic 
stage in spite of forest management. This occurs most frequently in 
relatively inaccessible regions where forest management cannot be in- 
tensively applied. 

Where outbreaks are likely to occur in spite of proper forest manage- 
ment, special control measures to keep down the insect population may 
be justified if the results to be gained warrant the expense. 

Some forest insect pests require control chiefly to keep them from 
building up into the epidemic stage, as for example the spruce bud- 
worm, while other dangerous insects, like the pales weevil and the 
locust borer, require control not so much to prevent development to an 
epidemic stage as to minimize the endemic damage which occurs more 
or less regularly year after year. 

The methods of control admit of classification in various ways. For 
the purposes of this discussion they have been summarized under six 
headings, each of which is treated separately in the succeeding pages. 
The headings more or less interlock and overlap, certain types of con- 
trol work being susceptible of classification under more than one of the 
main headings. 


Control by Natural Enemies 

The natural enemies of injurious forest insects include parasitic and 
predaceous insects, birds, certain mammals, and diseases of various 
types which destroy injurious insects. 

Undoubtedly, natural enemies are one of the chief factors in con- 
trolling the numbers of injurious insects. Natural enemies keep many 
insects continually in check until a disturbance of the existing biologi- 
cal relationships through cuttings or other factors weakens their bene- 
ficial influence. The practical point of interest to the forester is how 
the beneficial influence of natural enemies upon forest insects can be 
maintained and increased. The most obvious way would be to augment 
the numbers of the natural enemies by introduction of new colonies. 
This has been done occasionally by introducing certain insectivorous 
parasites and predators, particularly those of the gypsy moth and of 
the European spruce sawfly, but it is an expensive method and not 
always practicable. It finds its chief justification in connection with 
foreign insect pests which have become established in this country but 
for which adequate parasitic and predaceous insect enemies are lack- 
ing. Complications may occur when new predaceous insects are intro- 
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duced, for they may attack native beneficial insects as well as the in- 
jurious insect they were brought in to destroy. 

The calosoma beetle is an example of a predator which has been 
introduced and successfully established in the gypsy-moth territory in 
New England by the U. S. Bureau of Entomology and Plant Quaran- 
tine, which for many years maintained laboratories in this territory for 
rearing parasites and predators of the gypsy moth (Burgess and Collins 
1915). 

The Canadian government has established a laboratory to breed 
insectivorous parasites for controlling the European spruce sawfly, a 
foreign insect introduced probably several decades ago (Mulloy 1936). 
This insect has developed to dangerous proportions within recent years 
and has done enormous damage to the spruce forests in eastern Canada 
and the northeastern United States. Control of insect pests by their 
natural enemies, though continuously in operation, is, with occasional 
exceptions such as noted above where new parasites and predators can 
be introduced, a matter not susceptible of much concrete action at the 
present time. The natural enemies of insect pests, particularly the 
birds, should be protected at all times. 

Natural enemies of injurious insects, if dependetit for their chief food 
supply upon such insects, increase in numbers as the population of the 
injurious insect builds up. Eventually the natural enemy may gain 
the upper hand and be primarily instrumental in reducing the injurious 
insect to normal abundance. This, however, does not prevent the in- 
jurious insect from reaching an epidemic stage. In other cases the nat- 
ural enemies may be continuously so effective that no outbreak can 
develop. 

Beneficial insects, both parasites and predators, arc likely to be the 
most effective single natural enemy. Insect diseases, such as the wilt 
disease of the gypsy moth (Reiff 1911), may suddenly destroy vast 
numbers of insects; but such diseases become virulent only when the 
insect numbers have increased to an enormous total. Hence diseases 
do not check insect outbreaks until extensive injury has taken place. 
Birds may be effective in preventing the start of an outbreak but will 
be too few in number to cope with a serious outbreak once it has started. 

The natural enemies of injurious insects cannot be depended upon 
under all circumstances to prevent the development of serious insect 
infestations. Other methods in which the forester can take a more 
active part must also be employed. Nevertheless the assistance which 
natural enemies furnish in reducing the population of injurious insects 
should not be overlooked. 
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Control by Treatment of Infested Trees or Portions of Trees 

The principle involved in this method of treatment consists in so 
treating trees or their portions, such as stumps, logs, or tops, which are 
infested by insects as to interrupt the normal life cycle of the insects 
and destroy them. Sometimes the trees and portions in which infesta- 
tion is expected may be treated before the insects have entered and such 
an unfavorable environment be created that the insects cannot live 
there. A large variety of work suitable for controlling different types 
of insects is possible under this method of treatment. 

Bark-Beetle Control. The treatment of standing trees infested with 
bark beetles (particularly species of Dendroctonus) may be necessary 
in old growth stands of conifers especially the pines and spruces. 
Where the timber is accessible and of merchantable quality the problem 
can be solved by felling and utilizing the infested trees. If utilized in 
or near the forest the unutilized parts of the logs such as the slabs and 
bark must be burned. 

The season for the operation must be chosen so that the trees are cut 
and removed from the forest and the unutilized portions burned before 
the insects emerge from the trees or logs. When river driving is in 
use or where water-storage facilities exist adequate for the amount of 
timber to be treated, the logs after cutting can be put in water for 
several weeks until the insects are either killed or the logs floated out 
of the forested territory. 

This method of cutting while the insects are in the trees, coupled with 
either prompt utilization and burning of the refuse, or with storage in 
water, is the most practicable method to employ for controlling bark 
beetles wherever the timber is marketable. It will be used more and 
more as timber growing gets under way on a big scale. As a matter of 
fact, since most species of bark beetles find the best conditions for 
development in overmature timber, the application of forest manage- 
ment, involving as it docs the harvesting of such timber first, will go a 
long way toward permanently decreasing the ravages of these insects 
in coniferous timber. 

Unfortunately, today there are still forest areas in the western United 
States stocked with overmature timber which cannot be utilized profit- 
ably at the present time but in which attacks of bark beetles are a 
constant menace. Here various other methods of treating infested 
trees have been developed, and they may still find application until 
economic conditions improve enough to permit the commercial utiliza- 
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tion of infested timber. The details of treatment for the standing trees 
attacked by bark beetles must be worked out scientifically to meet the 
circumstances of each individual infestation. Frequently the affected 
trees are felled and the bark peeled from a large portion of the trunk 
and burned in such a way as to destroy all the bark beetles (Keen 
1939, p. 186). 

Felling and peeling trees and burning the bark are relatively expen- 
sive, and in the search for cheaper methods the U. S. Bureau of Ento- 
mology and Plant Quarantine developed a method of burning the bark 
with oil. This may be applied either to standing or felled trees and is 
particularly useful on thin-barked trees like lodgepole pine. When 
standing trees are burned the oil is sprayed on the bole of the tree and 
then the tree is fired at the base. The fire creates sufficient heat to kill 
the beetles as well as the tree. With tall trees it is often impracticable 
to spray oil up high enough so that the entire infested length of trunk 
is run over by a fire sufficiently hot to kill the beetles. Such trees must 
be felled and the infested length cut free from the top. A fire is then 
started at the base of the trunk and by means of spraying oil along one 
side of the trunk and down the other side the fire is carried up and 
back the length of the trunk. The trunk is then given a quarter turn 
and the unburned sides are treated similarly. Fuel oil is customarily 
used for this purpose and is applied on either the standing or felled 
trees by means of a 5-gallon back-pack pump of the type employed 
for firefighting. 

On felled trees the amount of oil applied can be increased easily to 
such amounts that the heat generated by the fire will be sufficient to 
kill the beetles in thick-barked species of trees. 

Another way of killing the bark beetles in infested trees is to fell 
and limb them and leave the trunk in a position exposed to the heat 
of the sun. After a few days^ exposure to the sun the tree trunks may 
be rolled over so as to turn the other side of the trunk to the sun, thus 
creating unfavorable conditions for the bark beetles throughout the 
trunk. In this method, temperatures inside the bark are raised by solar 
heat to the point (115° to 120° F.) necessary to kill the insects. A 
variation of this method consists in peeling the bark from the felled 
tree and laying it in open spots so placed that the sun will heat it. 

Even where most efficient and cheap methods are employed, the cost 
of treating infested trees of no present sale value represents an invest- 
ment that may amount to several dollars per acre. Can it be justified? 
The argument for such treatment is based on the theory that if seri- 
ously infested trees are treated outbreaks can be avoided and the loss 
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of a large portion of the stand prevented by a relatively small expendi- 
ture. The standing timber though unsalable today may have value 
later on. The probability of its attaining such value in excess of the 
cost of protection should have influence in deciding for or against the 
treatment of infested trees. If infested trees are taken out each year, 
when few in number, by the regular forest staff, the ultimate costs 
might be kept within more reasonable limits than if treatment of in- 
fested trees for bark beetles is applied only periodically and when an 
outbreak threatens. If timber will soon be salable there is more justi- 
fication for a larger expenditure to save it than if salability is likely to 
be a matter of 3 or 4 decades and a relatively large expenditure may 
have to be repeated several times. 

Where economic conditions make possible small scattered logging 
operations, the expense of treating infested trees can be avoided and 
such trees can be taken out of the woods and utilized without expense 
and usually at a profit. This creates an ideal situation for the preven- 
tion or control of an outbreak. In many forest regions such good 
market conditions do not prevail. Hence it becomes a question of 
whether in the given instance money should be spent to cut and treat 
infested trees. 

Considerable sums have been spent by the U. S. Government and by 
private landowners in fighting bark beetles, particularly in virgin 
forests of ponderosa pine and other conifers. The results have not been 
uniform. Control has been attempted for seven species of bark beetles, 
each species presenting a different problem in various forest types and 
regions requiring variation in the methods for each species (Anony- 
mous 1933). With some bark beetles preventing or controlling an out- 
break by treatment of infested trees appears feasible. With others, 
climatic and environmental conditions affecting the resistance of the 
timber and the vigor of the beetles apparently are the controlling 
factors, which can be only slightly changed by treatment of infested 
trees. 

One of the most dangerous bark beetles in this country is the south- 
ern pine beetle. It can attack not only mature timber but also second 
growth stands, and may kill a large proportion of the stand (Craig- 
head 1925). Heavy rain is unfavorable for the insect and may stop 
outbreaks, but the long, warm growing season in the South is favor- 
able. As yet, adequate control methods have not been worked out. 

Treatment of Slash and Stumps. The slash and stumps left after 
logging afford breeding places for many insects, and the necessity of 
treatment to prevent injury to the remaining stand must be consid- 
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ered. Insects capable of killing living trees breed chiefly in the larger 
portions of the trunk but do not always find conditions ideal for their 
development in the large tops and cull logs. Fewer insects may emerge 
from the slash than enter it. 

Where utilization is close and the timber is sound and straight, the 
only part of the tree of large diameter which remains after logging is 
the stump or portions broken in felling. Where timber is rotten or 
crooked, cull logs or butted-oflf portions may be left. These discarded 
logs may be more of a menace than the limbs and tops of the tree. 
However, in general, slash is not considered such an insect hazard to 
living timber as to warrant disposal. 

The cutting operation itself undoubtedly attracts insects, of which 
the most dangerous are bark beetles, and they may attack living timber 
near by. Attraction of insects to the neighborhood cannot be remedied 
by any method of slash disposal. From the entomological standpoint 
it is not worth while, except in rare instances, to apply any of the ordi- 
nary methods of slash disposal which arc intended to dispose princi- 
pally of the material 4 inches or less in diameter. If cull logs arc an 
insect menace on any particular area they may be peeled, burned, or 
given some other special treatment. Where the risk from bark beetles 
is considerable windfalls should be disposed of, as their presence in- 
creases the chances for an outbreak. 

Stumps might be peeled or sprayed and burned with oil if they con- 
stitute a menace. Such an expense is not commonly justified. 

Treatment for Tip- and Root-Feeding Insects. When branches or 
terminal shoots of young trees are attacked by boring insects it may 
sometimes, though not always, be a practicable measure to control 
such insects by cutting off and burning the injured portions. The white 
pine weevil which attacks the terminal shoots of eastern white pine is 
an example. 

The white pine weevil is a major insect pest of eastern white pine, 
and various methods of control have been advocated. These will be 
discussed under the heading Control by Forest Management. In 
regions where eastern white pine is not particularly abundant the 
method of cutting off and burning infested tips in young stands, par- 
ticularly plantations, is effective and less expensive than other methods 
of control which might be used. In such regions the individual stands 
are more or less isolated so that infestation from adjoining territory 
is a minor factor. The removal of the attacked tips makes an appre- 
ciable reduction in the amount of infestation in the treated stand. This 



Methods of Control 223 

reduction is not offset by prompt reinfestation because of the scarcity 
of pine stands. 

Root-feeding insects cannot be controlled except in the nursery. The 
principal insects attacking tree roots in forest nurseries are the white 
grubs or May beetles. Control of these grubs is discussed on page 233. 

Control by Application of Chemicals 

Against certain types of insects chemicals as sprays, fine dusts, or 
fumigants are employed on a large scale in agriculture and in protect- 
ing park and shade trees. Spraying or dusting forest crops with poison- 
ous chemicals, although practiced on a limited scale for some time, has 
only recently been developed along lines which promise to make the use 
of chemicals a practicable control method in the forest. On large 
tracts the sprays and dusts can best be applied from aircraft. On small 
areas with a close network of wood roads passable by trucks the chemi- 
cals may be applied by power equipment mounted on a truck. The 
use of DDT applied usually as an oil solution (5 per cent) at the rate 
of 1 spray-gallon per acre in the form of a fine mist may do much to 
cheapen the cost of chemical treatment. Already forest areas have 
been treated at costs of less than 1 dollar per acre. 

The results of spraying by airplane with DDT solutions for gypsy 
moth control by the Bureau of Entomology and Plant Quarantine in 
infested woodlands in mountainous areas of New York and Pennsyl- 
vania during 1946 have been summarized by Sheals (1947). Among 
other points of interest, he states that this control was done at a cost 
of slightly less than $1.50 per acre on approximately 100 square miles 
treated in contrast to the previous cost ranging from $15 to $25 per 
acre when lead arsenate was used with the conventional type of ground 
spraying machines. Similarly, Bodine (1947) states that, during 1947, 
outbreaks of the fir tussock moth on 400,000 acres in northern Idaho 
were controlled by airplane spraying with DDT solutions at an aver- 
age cost of $1.75 per acre. 

Aside from the cost of using chemicals, their effect upon other life 
in the forest must receive consideration before poisoning methods for 
protecting forest crops are introduced on a large scale. If possible, a 
concentration of the chemicals adequate to kill the insects but not 
powerful enough to destroy other life should be applied. 

Another method of using chemicals to combat bark beetles is de- 
scribed by Bedard (1938). The method consists in injecting certain 
toxic solutions into the tree. The bark is removed in a band around 
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the tree, and a collar of rubber sheeting is fastened over the peeled 
band. The poison solution is poured inside the collar, and gradually 
it enters the water-carrying vessels of the tree. Copper sulphate is 
considered the best chemical for injection because of low cost, effective- 
ness, and ease of handling. Excellent results have been secured in 
treating western white pine infected with the mountain pine beetle. 

Chemical sprays and dusts are useful primarily against leaf-eating 
insects which feed on the outside of the tree; they are poisoned by 
eating the chemicals. Insects having soft unprotected bodies and 
working on the outside of the tree may be destroyed by contact in- 
secticides. 

In forest nurseries the value concentrated on small areas justifies the 
use of chemical sprays and dusts to control the insect pests attacking 
forest nursery stock. Poisonous gases also find application in fumi- 
gating forest nursery stock and seeds. Before nursery stock is shipped 
to the field for planting it should be inspected and treated to prevent 
the dissemination of any insect pest. 

Control by Collecting or Trapping 

In foreign countries intensive methods of collecting and destroying 
the insects in the egg, larva, pupa, or adult stages by means of hand 
picking, various trapping devices such as bands of viscous substances 
encircling the tree trunks, the use of trenches, lights, etc., have- been 
employed. Similar methods are already found to a limited extent in 
the United States, principally in connection with nursery management. 
The value of the timber protected must be very high to justify such 
methods of control in the forest, and forest crop production must be 
on an intensive scale. As yet collection and trapping of insects are not 
generally practicable in this country, though this method has been 
used to some extent in a modified form in combating the gypsy moth 
by treating the exposed egg masses with creosote solutions. In forest 
nurseries the method may occasionally prove applicable. 

Trapping insects may be useful for obtaining information on abun- 
dance. 

Control by Forest Management 

It is evident that the relatively low value of the forest resource and 
the relatively high cost of applying many of the methods for controlling 
insects by direct action compel the forester to seek cheap but effective 
ways of minimizing his losses from insects. Intelligent forest manage- 
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ment over a period of years will often furnish valuable assistance in 
insect control at little or no direct cost. As the forest entomologist 
learns more about forestry and the forester more about the insects, 
new means of avoiding insect losses in the forest by inexpensive changes 
in the details of forest management are sure to be developed. Even- 
tually this type of control should be the primary factor in holding 
losses from forest insects to a minimum. 

Since many species of insects, particularly bark beetles and some 
other borers, prefer unhealthy, weakened, slow- growing trees in which 
to breed, it follows that efforts should be directed toward maintaining 
the forest crop in a healthy condition. The fertility of the site should 
be improved if possible by skillful treatment of the soil. This is 
especially important on dry warm sites, for in such localities insects 
thrive. If possible, thinnings should be made early and repeated fre- 
quently. All unhealthy and sometimes the slow-growing trees should 
be cut. In mixed stands, where the species differ in susceptibility to 
the attacks of a dangerous insect present or likely to appear, thinnings 
and other cutting operations can be directed toward the removal of the 
species most liable to injury. This is a helpful measure in controlling 
the gypsy moth in the forest. 

Health and growth rates are, moreover, a function of age. With 
advancing age forest trees are likely to decline in health and vigor. 
An intelligent management singles out these old trees, whether occur- 
ring singly or in whole stands, and harvests them at an early date. 
Forest crop production never utilizes the physical life span of our 
important commercial trees, but on the average only the first 50 to 
150 years, during which time the timber is more vigorous than later on. 
This shortening of the rotation and consequent disappearance of over- 
mature timber as the forest is cut over and put on a crop production 
basis will assist in improving the health of the forest. However, good 
health and vigor in a stand will not guarantee immunity from serious 
insect attacks, as for example by defoliators. 

A more adequate road system throughout the forest areas (the up- 
building of which was one of the chief contributions of the Civilian 
Conservation Corps), together with increased use of trucks for hauling 
logs, is making it more practicable each year for the forest manager 
to cut small scattered areas of timber as they develop infestations of 
some dangerous insect. The control by removal and utilization of 
infested trees of merchantable size without special expense and often 
at a profit will become one of the principal methods of control in the 
forest under proper management. 
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In theory, pure stands should be avoided as tending to furnish so 
much food of one kind that the rapid multiplication to an epidemic 
stage of an insect partial to this food is encouraged. Where option 
exists, mixed stands should be encouraged, but as a matter of fact pure 
stands will frequently, under intelligent management, be maintained 
for the reason that only one species will flourish on the area, as witness 
the ponderosa pine type in the Southwest, or because the pure stand is 
likely to be the most profitable to grow in spite of the insect danger. 
Preservation of these natural pure forests in as nearly as possible their 
original ecological conditions will assist in preventing insect outbreaks. 
Pure stands if restricted to small areas will prove satisfactory in many 
places. 

Where pure stands are grown only on a site suited to the species the 
danger of their destruction by insect enemies is much less than when 
grown on sites unsuited to the tree. Most of the criticism found in 
forestry literature against pure stands will prove on investigation to 
trace back to unfortunate results from attempting to grow tlie wrong 
species on a given site. 

The exact composition of a forest stand, where natural reproduction 
after cutting is involved, is difficult to control when silviculture can be 
applied only in the crude and inexpensive manner forced by economic 
conditions in most parts of this country. The forester will usually have 
to take the species which come in on an area and as the stand grows 
older effect such simple changes toward improved composition as can 
be accomplished without undue expense. 

Cutting of forest products at the right time of year may reduce to 
the minimum the damage caused by insects, both to the products them- 
selves before they are utilized and to standing trees in the forest. 
Freshly cut timber is attacked by boring insects and if cut in the sea- 
son when such insects are flying must be utilized practically as soon 
as cut, and even then the freshly cut lumber may be injured. With 
timber cut in the fall and winter there will be a longer period for safe 
utilization and the cut products are less attractive to the insects than 
freshly cut logs. 

As knowledge increases, specific plans of procedure in the cultivation 
of specified forest crops will be developed and applied. A few such 
plans have already been worked out. For example, it is now a com- 
mon practice in the Northeast in growing eastern white pine to arrange 
the details of establishing the new crop so as to avoid damage from 
the pales weevil. This insect swarms to the cutover area after the 
pine timber is cut and breeds in the stumps. It is abundant on the 
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area for two growing seasons after the cutting and consumes young 
pine plants more than 1 year of age. Hence planting is delayed until 
the third growing season after the cutting, at which time white pine 
transplants are set out and grow without injury from the pales weevil. 
If a cheap means of destroying the pales weevil could be developed, 
2 years^ time in establishing the new crop of pine would be saved. 

Another illustration which may be cited is the special treatment of 
eastern white pine to minimize the damage caused by the white pine 
weevil. This insect burrows in and destroys the current yearns growth 
(and sometimes more) of the terminal shoot. One or more side 
branches bend up to replace the terminal shoot, creating a decided 
crook. The weeviling may be repeated every year or two, and many 
trees are ruined for logs. At least three methods of controlling the 
insect have been recommended and used. 

The pine may be grown under a nurse crop of light-foliaged hard- 
woods such as gray birch or poplar. The white pine weevil attacks 
the trees when their crowns are exposed to sunlight and, under the 
cover of the hardwood, which grows faster and overtops the pine, does 
very little if any injury to the pine. When the pine is 25 or more years 
old it forms a closed stand under the hardwoods. The hardwoods can 
now be removed, and the pine though it will not be entirely free from 
subsequent attacks of the weevil will not be seriously injured, since the 
crooks formed on the individual trees in the closed stand will be small 
and readily overgrown. This method though good in theory badly 
restricts the growth of the pine, thereby lengthening the rotation. Also, 
obtaining the right kind of a nurse crop is not always easy. 

Furthermore, this type of treatment at least within central New 
England territory exposes the pine to severe attack by the gypsy moth 
because the gray birch and poplar in the overstory are favored food 
plants of this insect, while the white pine is not eaten until the later 
instars of the insect develop. Without the birch and poplar in the 
stand the white pine will not be attacked, but with the food supplied 
early in the season by these hardwoods the gypsy moth larvae will be 
able to defoliate and kill the white pine. Consequently, elimination 
of favored food species like gray birch and poplar is advised to pro- 
tect white pine from gypsy moth. It is an illustration of diametrically 
opposed treatment advised for the same species (eastern wdiite pine) 
to avoid injury from two insects. Similar situations arise continually 
in the application of control measures for the various forest enemies. 
Decision as to the action to take requires good judgment and a bal- 
anced view of the entire protection problem. 
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Another method of controlling the white pine weevil is to plant so 
thickly that at least 1500 trees per acre survive at the time the planta- 
tion closes. This is likely to require an original setting of at least 
1700 trees per acre. The thick stand guarantees early closure and 
crowding, which in turn keeps the crooks made by the weevil from de- 
veloping into serious defects. A good stand should result, and it is 
to be preferred to using a hardwood nurse crop. The disadvantages 
are that the cost of establishing the planting is about one-third greater 
than with the usual spacing of 6 by 6 feet and furthermore the stand 
is so dense that an early thinning made at some expense may be re- 
quired. On good soils in some parts of the white pine territory, plant- 
ing 1200 trees per acre should furnish a stand sufficiently dense to 
avoid severe injury (Maughan 1930). 

A third method for control of the white pine weevil is the one 
spoken of earlier in this chapter ; it consists in cutting out and burning 
the infested terminals. Placing the infested leaders in cages having 
a mesh too small to permit the escape of the weevils but large enough 
to allow any insect enemies of the weevil to escape is reported by 
Holdsworth (1943) as being preferable to burning the tips. This is 
likely to be less expensive than either the nurse tree or the dense 
planting methods, except in a region where there are many untreated 
weevil-infested stands. 

An effective method of control is to spray the leaders of white pine 
with a lead arsenate mixture before weevil egg-deposition in early 
spring. The buds and bark of all leaders must be thoroughly covered 
with the poison mixture. 

DDT applied with a mist blower from a truck may prove effective 
for controlling the white pine weevil in stands where wood roads are 
located not more than 400 feet apart. The blower covers a strip 200 
feet wide on each side of the truck. 

Control by Quarantine 

Foreign insects are particularly menacing, both those which already 
have been introduced and others not yet in this country. Against 
these insects, an additional method of control in the form of quarantine 
should be employed. Foreign insects when introduced into the United 
States are likely to develop into virulent pests. The gypsy moth and 
the European spruce sawfly are two well-known examples of insects 
falling within this class. Even though too many destructive insects 
have already been introduced, they are in fact only a few among other 
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dangerous species too numerous to mention that might be introduced 
if it were not for the constant maintenance of a quarantine. 

One of the best preventive measures which the forester can take is 
to keep in force and strengthen the quarantine against foreign plant 
material. In dealing with newly introduced insects not yet widely 
distributed, efforts to delay their spread by temporary local quaran- 
tines and direct control measures, admittedly too expensive for per- 
manent, widespread use, may be justified on the grounds that time 
is thus afforded to carry on research and perfect the local control 
measures which ultimately must be applied in protecting the forest 
crop. 

A foreign insect introduced into a new country and able to adapt 
itself to the new climate often reaches the epidemic stage. It is helped 
toward this point because its natural enemies are lacking. Whenever 
possible these enemies, both predators and parasites, should be intro- 
duced as soon as the foreign insect is discovered. 

CONTROL FOR SPECIFIC INSECTS 

One or more insects have been selected from each of the four major 
groups which attack forest trees and are here discussed in reference 
to the methods of control which can be applied. 

Leaf-eating Insects 

Spruce Budworm. This important defoliator of northern forest 
conifers, principally balsam fir, though spread across the continent has 
so far caused its most extensive damage in the eastern Canadian 
provinces and the northeastern United States. Its control must be 
sought largely through silvicultural management that will salvage 
timber ahead of the budworm and if possible reduce the percentage 
of balsam in the forest. 

Both Westveld (1946) and McLintock (1947) believe that the dam- 
age from spruce budworm outbreaks can be reduced, though not 
eliminated, by proper forest management. Damage from current at- 
tacks can be reduced by finding incipient outbreaks and directing sal- 
vage operations into such stands. The spruce budworm feeds on 
pollen, particularly of the staminate flowers. For this reason tall trees 
with crowns growing out in the open, which bear large seed crops, 
should be harvested. Such trees are the center of the outbreaks. 

To develop a more resistant forest, spruce should be favored as 
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against balsam. This is a difficult thing to accomplish; in fact it may 
be impossible on some areas. To make salvage operations feasible 
the cutting cycle in the spruce-balsam forests should be reduced to 
20 years, and a permanent road system should be maintained. As yet, 
forest land owners have not been persuaded to do this. 

Graham (1935) states that control of the spruce budworm on jack 
pine depends on regulation of staminate flower production. This can 
be reduced by maintaining dense stands. Trees producing large crops 
of pollen should be cut. 

Hodson and Zehngraff (1946) found in jack pine stands that large- 
crowned orchard type of trees and also suppressed trees bore heavier 
crops of staminate flowers than did codominant and dominant trees. 
They believe that, if thinnings removing the lower class trees can be 
made often enough to keep remaining trees vigorous, injuries from the 
budworm would be reduced to the minimum. 

An efficient detection system which locates incipient outbreaks should 
be maintained. Stands in which such outbreaks have been found 
should be promptly harvested. Balsam fir, the favored food plant of 
the insect, should be grown on short rotations of 35 to 50 years and 
cut to the lowest merchantable limit. Aerial spraying with DDT 
offers promise of cheap control of outbreaks. 

Gypsy Moth. Introduced more than a half century ago, this insect 
has established itself in central and southeastern New England. Its 
spread northward is restricted by low temperatures. Ultimately the 
gypsy moth should be controlled through forest management which 
develops dense well-stocked stands containing if possible relatively 
small percentages of favored food species. 

It has been found that the mixed hardwood forest of southern New 
England if well managed usually can support only a low gypsy moth 
population. Such a forest is dense, well-stocked, protected from fire 
and grazing, and consequently has a deep leaf litter. Under such con- 
ditions predators and parasites of the gypsy moth are abundant. 

The gypsy moth larvae when not feeding are attracted by the cool 
moist condition of the forest floor and come down from the trees and 
fall prey to predators on the ground. In improperly managed forests, 
where this litter is lacking, the larvae remain in the trees and are com- 
paratively safe. Chemicals such as DDT can now be applied by air- 
craft at a relatively low cost. In areas subject to infestation such 
treatment probably would need to be repeated every 5 to 10 years. 

Natural enemies have been increased by the introduction of para- 
sites and predators which are now well established in the territory. 
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However, adequate control cannot be expected from natural enemies 
alone. 

A study of control measures for fighting the gypsy moth shows that 
several intensive methods of control such as applying creosote to ex- 
posed egg clusters, spraying with power sprayers, and banding of trees 
to trap caterpillars have been employed. The fact that this insect is 
a serious pest of orchards and shade and park trees explains the em- 
ployment of methods which would not be appropriate from the forestry 
standpoint. 


Insects Feeding upon Meristematic Tissues 

Western Pine Beetle. This insect is the most important of the 
bark-boring beetles which attack the virgin forests of pondcrosa pine 
in California, Oregon, Washington, and Idaho. Methods of control 
consist in removing beetle-infested trees, or treating them by some of 
the methods already described (pages 219 to 221) so as to destroy the 
beetles in the trees. If the trees can be salvaged, then, in addition to 
the infested trees, those most susceptible to beetle attack should be cut. 
Increased accessibility and changes in logging methods are making it 
possible to carry on salvage operations in many places instead of leav- 
ing the treated trees unutilized on the area. 

A difficult part of applying this method in the past has been the 
selection of the trees most susceptible to beetle attack. If selection is 
not made accurately, either many trees left are killed by the beetles 
within a few years or an unnecessarily large number of trees are cut, 
thereby reducing the subsequent growth of the stand. 

Keen (1936) developed a system of classification for the individual 
trees in the stand which enabled him to arrange them in susceptibility 
classes. He states, ^‘in general trees more susceptible are weaker, less 
vigorous individuals and to a certain degree those more advanced in 
age.'' 

The lower crown classes on the whole proved to be the most suscep- 
tible. Trees became more susceptible with advancing age, but the 
vigor of crown was really the critical factor. Quality of the site affects 
crown vigor. Hence, trees on the poorer sites were more susceptible 
to beetle attacks than those on the better sites. 

According to Keen (1936) the beetles are ^^Nature's silvicultural 
agents which relieve the pressure of severe tree competition or of criti- 
cal growth conditions and tend to preserve a natural balance between 
growing stock and available supplies of plant food and soil moisture." 
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He considers the work of the beetles to be a combined thinning from 
below and a selection cutting of the older age classes with a marked 
tendency to concentrate on groups. It is this kind of cutting which 
he advises as a control measure. 

On the tracts studied, removal of the highly susceptible trees (chiefly 
intermediate and overtopped trees) involved cutting 17 per cent of the 
volume. Removing those of intermediate susceptibility (mainly co- 
dominate trees over 75 years of age) took out an additional 39 per 
cent of the volume. On the poorer sites removal of both these classes 
(56 per cent of the volume) is advised. 

This is lighter than most cuttings previously made in the ponderosa 
pine type although the tendency today from the forest management 
standpoint is toward lighter cuttings. Further study by Keen and 
Salman (1942) developed an additional classification of individual 
trees in the susceptible class on the basis of current health symptoms 
indicating whether or not the tree was a high risk as far as early attack 
by beetles was concerned. 

The ideal cutting from the protection standpoint would be to log 
over all hazardous forest areas each year, removing the actual or po- 
tential ^^bug” trees. This, however, is too intensive a type of forest 
management to be practical. 

Instead the forest should be cut over on a short cutting cycle, re- 
moving 15 to 25 per cent of the total volume, the trees to be cut being 
selected on the basis of their insect risk rating. This plan is now in 
operation in some forests with successful results in reducing losses 
from bark-beetle damage. 

Even this type of cutting may be so light as to prove economically 
impracticable on many relatively inaccessible tracts, but nevertheless 
it may be cheaper than direct treatment of infested trees and be much 
more effective than such treatment in reducing the losses from the 
western pine beetle. 

The actual cutting adopted on a tract should be a compromise based 
upon what is best for the growth of the stand, in view of the economic 
possibilities and the insect risk. 

Pales Weevil. The pales weevil though distributed through the 
eastern United States and southeastern Canada is best known as a 
dangerous enemy of eastern white pine reproduction, making the estab- 
lishment of a new crop after cuttings a difficult matter (Peirson 1921). 
The beetles, attracted by cuttings, breed in the stumps and slash and 
in the beetle stage feed upon the bark of seedlings 2 years old and 
older. The smaller seedlings usually are killed outright. Seedlings 
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over 3 feet in height may suffer injury to the branches but are not 
likely to be killed. The weevils are most destructive on the cutting 
area the summer after the cutting and do considerable damage the 
second summer but are gone by the third season. 

No method of direct control can be used, and dependence must be 
placed on either: 

1. Obtaining a dense stocking of seedlings (10,000 or more per acre). 
Usually if seedlings are abundant not more than 80 per cent of them 
will be killed by the weevil and the remaining 20 per cent will be 
adequate to form the new crop. A two-cut shelterwood method could 
be used under this plan. The first cut should be made at the time of 
a seed year and the second could follow in 5 to 10 years when a suffi- 
cient amount of reproduction had become established. 

2. Waiting until the beetles have left the area and then plant. This 
will be the third growing season after the cutting. Friend and Cham- 
berlin (1942) found on one tract that planting could be successfully 
done in the second year after cutting with a loss of only 15 per cent of 
the planted trees. 

White Grubs. These larvae of the May beetles are destructive 
feeders upon the small roots of trees in the eastern half of this coun- 
try. Noticeable damage occurs chiefly on young trees in nurseries or 
in recently established plantations, although natural reproduction is 
sometimes destroyed. The insects cannot be controlled at reasonable 
cost in plantations, and areas having a very high population of white 
grubs should not be planted. In forest nurseries white grubs ordinarily 
can be controlled. The fact that the beetles deposit eggs in vegetation- 
covered but not bare fields furnishes the key to one method of control. 
Grassy fields should not be used immediately for nursery stock but 
should be plowed and kept in clean cultivation for 2 to 3 years, which 
is long enough to provide for the emergence of the insects already in 
the ground. The May beetles during their flight in the spring may 
deposit eggs in the dense seedbeds, but this can be prevented by screen- 
ing the beds with %-inch mesh wire. This, however, is too expensive 
a method of securing protection. Since the grubs do relatively little 
damage the first year of their life and seedbeds are ordinarily kept 
only until the second year, little damage is experienced in unscreened 
seedbeds. After use as seedbeds the ground if infested should be 
allowed to lie fallow for 2 years, and, in general, crop rotation should 
be practiced. The nursery paths and unused areas should be kept free 
of vegetation, particularly in the spring when the adult beetles are 
flying. Where practicable, allowing chickens or hogs to have the run 
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of newly plowed ground that is infested will reduce the numbers of the 
grubs. 

When nursery ground which has to be used continuously becomes 
infested with white grubs they may be killed by applying arsenic in 
powdered form to the soil. Small applications at the rate of 80 pounds 
per acre applied at intervals 2 to 3 years apart should be ample to 
eliminate the grubs. Where too large amounts of arsenic are used, 
browning of the needles, lessening of growth, and killing of many 
plants may result. Arsenic has not proved successful in all nurseries 
(Wakeley 1935, pp. 57-58), and it must be used with caution because 
in some cases the nursery stock has been injured. Recently introduced 
chemicals, such as DDT, may prove successful in treating nursery areas 
infested with white grubs and larvae of such species as the Japanese 
beetle, and the new chemicals are likely to replace arsenic for this pur- 
pose. Mitchell (1939) suggests that acetic acid applied to seedbeds will 
control white grubs and will not injure the plants. 

Mound-Building Ants. The mound-building ants common in north- 
eastern United States may kill trees, which are shading or threatening 
to shade their mounds, in a rather unusual manner. They inject 
formic acid into the cambium region and thus girdle and kill the tree 
(Peirson 1922). Around individual mounds the trees are often killed 
for distances of 20 to 30 feet. The damage is most common in planta- 
tions made on lands formerly cleared, although the same type of in- 
jury can be found in naturally reproduced stands. 

The method of control consists in exterminating the ant colony. This 
can be done by introducing into the mound a heavier-than-air gas 
which will permeate the mound to its bottom. In applying the method 
several holes are punched in the mound and the liquid carbon bisul- 
phide or ethylene dichloride is poured in. The holes are then covered 
with dirt and tamped down (MacAloney and Hosley 1934). 

Experiments by Chapman (1948) have indicated that a 5 per cent 
concentration of Synklor dust, a commercial product that contains 
chlordane, can be used effectively to exterminate ant colonies. If the 
dust is applied in an 8-inch band to the periphery of an active ant 
mound at least one day before rainfall, activity can be expected to 
cease within 24 hours, and the colony should be exterminated within 
a few weeks at the latest. About one-half pound of dust, costing at 
present about 10 cents, is needed for a circular mound 1 yard in 
diameter. Since chlordane is easily applied, is no more toxic to animals 
and human beings than is DDT, and promises to be less expensive in 
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the future than at present, it should provide an excellent means for 
controlling the mound-building ant. 

Locust Borer. This insect furnishes an example of bark-boring 
beetle that attacks not only the cambium region but also the wood 
of the stem. Eggs are deposited in bark crevices. The larva after 
hatching must bore through the bark in order to complete its life cycle 
in the outer sapwood. The more vigorous the tree, the less likelihood 
that the larvae will survive and do any damage to it. The dominant 
trees suffer the least injury, and the overtopped trees the most. Con- 
trol must be secured by silvicultural management. The treatment de- 
pends primarily upon the condition of the stand; as advised by Hall 
(1933) it is as follows: 

1. Slowly growing young stands. Black locust is being used so ex- 
tensively for planting eroded lands where soil conditions are poor that 
undoubtedly great areas of black locust will fall into this group and 
be destroyed by the borer unless treated. In order to increase the 
vigor of these stands they should be cut back to the ground 4 or 5 
years after planting before they become infested with the borer. The 
succeeding crop of sprouts should be so vigorous as to suffer relatively 
little injury from the borer. The sprout clumps should be thinned, 
leaving only the best sprout in each clump. 

2. Severely injured stands should be treated in the same manner as 
slowly growing young stands. 

3. Moderately injured stands should receive a thinning which re- 
moves the overtopped, intermediate, and weaker codominant trees 
with the object of reducing the population of borers and increasing the 
vigor of the remaining trees. 

4. Mixed planting of black locust with other species should make 
a denser stand than pure locust, improve soil conditions, and thus 
assist in producing vigorous growth. 


Sap-Sucking Insects 

Numerous forest insects, such as scale insects and aphids, are in- 
cluded under this group. Though quite variable in character they are 
all alike in being difficult to control in the forest at reasonable expense. 
In nurseries the application of contact insecticides will prove effective 
against them. Treatment of this type will frequently be necessary and 
can be afforded. 

In the forest the use of contact insecticides is too expensive. Fur- 
thermore, after trees pass early youth many of the sap-sucking in- 
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sects, while reducing growth, do not kill the trees except relatively few 
of the weaker individuals. Exceptions occur, for example the golden 
oak scale, an introduced insect which may kill a large proportion of 
the trees in stands of chestnut oak (Parr 1937). 

Good silvicultural practice, which aims to keep the forest in a 
healthy vigorous condition, should result in minimizing losses from sap- 
sucking insects. When plantations are made, stock not infested with 
the insects should be used. 

Wood-Destroying Insects 

These insects ordinarily do not attack living trees. The species in 
this group which attack cut logs are of interest to the forester because 
often he must protect his product until it arrives at the point of manu- 
facture. 

In the warm season of the year, logs must be manufactured imme- 
diately after cutting; otherwise they may be riddled by boring insects. 
Unless logs can be sawed up at once it often will be advisable to carry 
on logging operations only in the fall and winter and arrange to saw 
the logs before insects are active in the spring. Logs can be kept safely 
in log ponds but frequently this is impracticable. 

The pine sawyer has caused serious damage to eastern white pine 
logs and round-edged plank by boring through the sapwood. Hosley 
(1928) states that, for central New England, white pine round-edged 
plank sawed between September 1 and March 1 is not injured. The 
adult beetles lay eggs in logs and round-edged plank between May 15 
and September 1. Eggs hatch into larvae which tunnel down to the 
heartwood. The insects will lay eggs only in logs and plank with a 
very definite moisture content. 

DETECTING THE PRESENCE OF INSECTS 

The development of effective control and preventive measures re- 
quires detailed knowledge of the local habits of the injurious insects 
and their interrelations with the complex life of the forest. This in- 
formation can be best secured by a forest entomologist. To be a good 
forest entomologist a man must acquire not only training in entomol- 
ogy but also sufficient knowledge of silviculture so that he appreciates 
the forester’s viewpoint and understands his problems. Otherwise the 
advice which he offers, even though entomologically sound, may not 
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be susceptible of application either because of its cost or because of 
its interference with the purposes of the management. 

Close cooperation between the forest entomologist and the forester 
is essential if the best practicable methods of insect control are to be 
found and applied with the least interference with other objectives. 
The local forester should understand enough about insects so that he 
can detect their presence in his forest and recognize the dangerous 
species occurring in his locality. He should be able to distinguish be- 
tween the normal infestation in the forest and any unusual activity 
manifested by an insect. Careful examination and tallies of infested 
trees on sample areas may be needed to build up and check the forest 
officer's judgment. 

Insects reveal their presence by various signs, such as fine dust from 
their borings on the ground or on tree trunks, holes in the tree trunks, 
excrement, exudation of pitch, the withering or coloring of foliage, 
a bare appearance of the tree tops, bitten off and partly devoured 
foliage on the ground, and the presence in the stand of an unusually 
large number of insectivorous birds. 

Eventually the forester should become as efficient in preventing and 
controlling insect depredations as he is in dealing with the forest fire 
problem. 

H. B. Peirson (1947), State Entomologist of Maine, has been a pio- 
neer in the movement to build up a state-wide organization, tied in 
with the fire protection system, for reporting outbreaks of forest in- 
sects. These reports are closely followed by field inspection of the 
areas, and recommendations for control are sent to the owners. Con- 
trol is ordinarily by means of cutting the trees on infested areas. The 
adoption of similar systematic plans by all the forested states is much 
to be desired and should eventually keep losses from insects at a rea- 
sonably low figure. 

The federal government should cooperate with the states in the 
movement to develop an organization to handle insect prevention and 
control. Government funds at least equal in amount to those now 
spent on fire protection could be allotted advantageously to protection 
against insects. The organization and the training of a special force 
of men for the forested portions of Canada have been advocated by 
Koroleff (1936). On each large timber tract he would have a man 
responsible for forest insect prevention and control. These men should 
be given simple training, and gradually an effective organization would 
be developed. 
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CHAPTER 


Protection against Domestic Animals: 
Grazing 

INTRODUCTORY 

The livestock industry is an important branch of agriculture. As 
operated in many parts of the country it involves the turning out of 
the animals into the field and forest for part of the year at least to 
forage for themselves. Consideration of the livestock industry as a 
business is not within the scope of this chapter, which instead will be 
devoted to a discussion concerning the influence of domestic animals 
upon the forest. 

The common domestic animals exerting direct influence upon the 
forest are cattle, hgrses, mules, asses and burros, swine, sheep, and 
goats. These animals are distributed through all parts of the United 
States. On the basis of number of animals, the region from eastern 
Nebraska to eastern Ohio and from the southern part of the Lake 
states to St. Louis may be considered the center of the industry. Sheep 
furnish an exception to this statement, more than 50 per cent of the 
sheep being found in the West. 

Grazing of forest areas is common throughout the country but per- 
mitted to much greater extent in some parts than in others. The live- 
stock industry of the western United States, with the exception of 
those few sections favored with abundant precipitation and mild cli- 
mate, is dependent to a large extent upon forested grazing lands or 
upon elevated areas of grass and brush land so interspersed among 
forested areas as to require management as part of the forest property. 
The best summer forage is in or adjacent to these forested areas. The 
same land is often utilized for the two purposes of timber production 
and grazing. This situation, even in the western forests, cannot be 
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considered good policy as a permanent measure in the majority of 
timber types. 

In the eastern half of the country systematic continuous use of the 
forest for grazing purposes in conjunction with timber production is 
rarely if ever justified. More favorable climatic conditions, obviating 
the need of summer pasturage in the forest, partly explain this fact. 
Another reason is that the density of the forest cover largely elimi- 
nates abundant palatable forage. This situation is not confined en- 
tirely to the eastern half of this country. In regions such as the west 
coast of Washington and Oregon, with climatic conditions favorable 
to the development of dense forests, forage of commercial value is not 
found under the heavy forest canopy once the stand becomes closed. 

Unfortunately, even within the regions having favorable climatic 
conditions, there are thousands of forest landowners, particularly those 
with woodlots held in connection with farms, who still pasture domestic 
stock in their woodlands for the purpose of securing shade, shelter, 
exercise, or food. 

It is doubtful whether as much as one-quarter of the commercial for- 
est area in the United States would carry forage of commercial value 
provided the forest was stocked with trees to its capacity. The pres- 
ent understocked condition of the forested areas, caused by past mis- 
management, has resulted in a much greater development of forage 
plants than can be maintained when once the forests, after receiving 
correct treatment, become fully stocked. Most of the forested areas 
which are grazed today are in this understocked condition and are 
occupied by a relatively open forest. Eventually very few forest 
types if fully stocked will be capable of furnishing abundant forage. 

In a fully stocked forest the trees make use of the available supply 
of moisture and nutrients and usually cover the ground with a layer 
of litter. The net result is that most of the lesser vegetation palatable 
to livestock is crowded out entirely or is sparsely distributed. Many 
of the plants capable of living under dense cover are of little value as 
forage. A few relatively light-demanding species of trees may be able 
to grow in fully stocked stands and at the same time provide consid- 
erable amounts of forage for livestock. 

Species of this sort are found principally in the western half of the 
country. The aspen type, for example, occurring throughout the Rocky 
Mountain region on the moister soils, forms a rather open canopy 
which permits the growth of an abundant ground cover of herbaceous 
and shrubby plant species palatable to livestock. Even aspen stands 
can be damaged seriously by heavy browsing on foliage and twigs. 
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Approximately half (246,000,000 acres) of the commercial forest in 
the United States is grazed (Chapline and Campbell 1933). An ad- 
ditional 88,000,000 acres of noncommercial forest is grazed, 74 per cent 
of which is located in the West. The following table gives estimated 
percentages of the commercial forests which are grazed in the different 
parts of the United States. 

Percentage of Total Commercial Forest Land by Regions in the United 
States Grazed by Livestock 

(Compiled from figures given on pages 122 and 528 of A National Plan for American 

Forestry) 


Region 

Per Cent 

Area of commercial 
forest grazed, acres 

New England 

12 

3,150,000 

Middle Atlantic 

13 

3,655,000 

Lake 

19 

10,852,000 

Central 

37 

23,635,000 

South 

67 

126,870,000 

Pacific Coast 

55 

36,411,000 

North Rocky Mountain 

57 

18,330,000 

South Rocky Mountain 

76 

23,359,000 

Total 

50 

246,262,000 


These figures indicate that larger portions of the forest are grazed 
in the South and the West than in the northern and eastern parts of the 
country. Some of the heaviest and most injurious grazing within the 
commercial forest is found in the corn belt states of the Middle West. 
The South, where more than half of the commercial grazed forest is 
located, is unique in that millions of acres of land are grazed by non- 
owners of the property without any payment for such use of the land. 
This grazing is accompanied by the frequent burning over of the land 
allegedly to improve the forage. 

Even though there may be considerable forage growing within the 
forest, its quality is not equal to the same amount of forage grown on 
areas which are not forested. The feeding value of forage plants 
grown under the shade of a forest is much less than that of plants 
grown out in full sunlight, as shown by the following figures taken 
from Welton and Morris (1926) : 

Dry Weight of Net Yield of 

Bluegrass, Per Cent Bluegrass, 
Pounds per Acre of Weeds Pounds per Acre 
In open pasture 1126.7 40 676 . 0 

In woodland pasture 347.9 76 97.4 
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Their investigations carried on in Ohio showed that, pound for 
pound of actual bluegrass, woodland pasture contained 22 per cent 
less total nutrients than were found in open pasture. Furthermore the 
actual yield of bluegrass (the principal forage plant on the areas 
studied) was much lower in the woodland pasture than in the open 
pasture. It is also probable that grass grown in the shade is less 
palatable than grass grown in the open because of a smaller content 
of sugars and starches. Similar results were secured in Wisconsin 
(Ahlgren et al. 1946) where woodland pasture produced 276 pounds 
of dry matter per acre in contrast to 1453 pounds per acre for open 
pasture (untreated) and 3210 pounds per acre for open pasture 
(renovated). 

THE EFFECTS OF GRAZING 

Grazing damage ranges from scarcely noticeable browsing upon the 
lower branches of forest trees through a variety of effects up to com- 
plete destruction of a forest. This extreme type of injury may be 
effected either (1) by the permanent prevention of reproduction, the 
area being left bare after the existing stand eventually dies a normal 
death, or (2) by actual killing of the existing forest. 

Numerous and striking examples of the ability of domestic live- 
stock to destroy the forest can be found in the Central States (Day 
and Den Uyl 1932). 

Forests are not equally susceptible to injuries from grazing. Hard- 
wood forests are more easily injured by browsing but after being 
injured recover better than conifers. Since the animals prefer to 
browse upon hardwoods, grazing usually favors conifers as contrasted 
to hardwoods in mixed stands. In the eastern half of this country, 
where conifers often compete unsuccessfully with many aggressive 
hardwoods, pure stands of a conifer frequently are developed, instead 
of a mixture weak in conifers, solely as a result of the selective brows- 
ing of domestic animals, which feed preferably on the hardwoods. 

There is also a wide difference in susceptibility to grazing damage 
between species. Yellowpoplar suffers badly from cattle grazing while 
oak is only a little injured. 

The effects of grazing upon the forest may be subdivided into: 

Effect upon the soil. 

Effect upon reproduction. 

Effect upon trees past the reproduction stage. 

Effect upon the control and prevention of forest fires. 
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Effect upon the Soil. The physical condition of the soil is injured 
by the trampling of the animals. They compact and harden the soil. 
Erosion is often started on slopes where the ground cover is closely 
browsed or destroyed (Forsling 1931). Trampling, particularly by 
animals with sharp hoofs, has a loosening and cutting effect upon the 
surface of the soil, which may be washed away in succeeding rains. 
Sheep and goats with their short tread and sharp feet are particularly 
injurious to the soil. 

Grazing is one of the chief causes of erosion throughout the United 
States, particularly in the western half of the country, although ex- 
amples of heavy grazing resulting in erosion can be found in almost 
any region. 

Erosion, however, is not a necessary consequence of grazing, for 
grazing when properly managed can maintain the land in excellent 
condition. It is overgrazing rather than a proper amount of grazing 
which must be prevented if erosion and other injuries to soil are to 
be avoided. Overgrazing results in cropping the grasses and other 
forage plants so close to the ground that their effectiveness as a plant 
cover for preventing surface runoff is destroyed. Many of the forage 
plants may be killed by a continual overgrazing, thus decreasing the 
density of the soil-holding cover. One effect of compacting the soil 
and destroying the herbaceous ground cover and reproduction is that 
surface runoff is increased. In other words, the rainfall instead of 
filtrating into the soil through a porous forest floor runs rapidly off 
a bare compacted surface and is lost to that area; it also is likely to 
increase flood damage down stream. For example, measurements 
taken in Wisconsin (Anonymous 1938) showed that on slopes of 25 to 
35 per cent large quantities of water were lost by the farmers who 
grazed their woodlots. The grazed forest lost in runoff 579 barrels 
of water per acre; the ungrazed forest lost only 10.3 barrels; and blue- 
grass pasture lost 213 barrels. 

Erosion is of special concern on watersheds surrounding municipal 
and other types of storage reservoirs. 

There is more danger of pollution on grazed watersheds as well as 
much more rapid silting of reservoirs. 

Effect upon Reproduction. Reproduction because of its nearness 
to the ground is within easy reach of animals and consequently suffers 
more injury than larger trees. Seedlings and young growth are severely 
damaged by browsing. Not only are many eaten, but others may be 
broken, bent, or trampled by the animals. Roots may be exposed and 
barked. Sometimes bark is gnawed or peeled from seedlings. Goats 
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in particular inflict this type of injury; they are considered the most 
destructive to reproduction of all the domestic animals. As a result 
the trees are deformed and lose increment. Frequently small seedlings 
are destroyed. If not killed, injured seedlings may eventually grow 
in height until their crowns are above the reach of animals. In such 
cases the deformities received in early youth may be outgrown by the 
time the tree is ready for cutting. Pearson (1931) found this to be 
true for ponderosa pine seedlings which had been badly deformed by 
repeated browsing but finally grew out of the reach of browsing ani- 
mals. If a ponderosa pine seedling once attains 4 to 6 inches in height 
only excessively heavy grazing is likely to kill it. According to 
Cooperrider (1938) recovery of a pine tree from browsing injury de- 
pends primarily on its ability to develop extra buds (usually dormant 
buds) to replace the lost shoots. Dormant buds develop abundantly 
on grazed-off stubs of ponderosa pine seedlings. 

Hogs eat the seeds of certain species such as the oaks, and uproot 
and devour the roots of the longleaf pine. Indeed, hogs are a primary 
factor in preventing longleaf pine reproduction by uprooting practi- 
cally all seedlings over extensive forest areas. 

In addition to injuring or destroying existing reproduction, animals 
through their effect on the soil may create seedbed conditions unfavor- 
able for the start of reproduction. Sometimes their influence upon the 
seedbed may be beneficial, especially that of hogs which in their search 
for food mix the litter and soil and may expose the mineral soil. 
Where, in a mixed stand, species with palatable seeds are less desirable 
in management than others with inedible seeds and a preference for 
a mineral seedbed, hogs may be of distinct benefit. For example, 
shortleaf pine in mixtures of oak is favored by the grazing of hogs. 

In stands containing both conifers and broadleaved trees, grazing 
animals usually browse the foliage and branches of the broadleaved 
trees, thereby favoring the development of the conifers. Where the 
seedbed created by the grazing is suitable for the reproduction of the 
conifers, as is often true, a pure stand of conifers may be established. 
On the whole, the natural reproduction coming in on grazed areas in 
mixed hardwood stands is likely to have a higher percentage of in- 
ferior species than the original stand. Sometimes woody shrubs replace 
tree species as a result of grazing. Where several tree species are 
reproducing on the same area, browsing on the palatable species may 
affect the composition of the new stand either favorably or unfavor- 
ably, though usually the latter. 

The loss of all or a portion of the reproduction may result in inade- 
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quate density of stocking, which in turn means a lower increment or 
reduced quality of product and in extreme cases the ultimate destruc- 
tion of the forest. Loveridge (1924) cites examples where Engelmann 
spruce reproduction has been prevented by too heavy grazing of sheep. 

Grazing may be favorable at one stage of regeneration and unfavor- 
able at another. For instance, it may create excellent conditions for 
the germination of seed and for the early growth of seedlings but its 
effect on subsequent development may be bad. Hence to determine 
the exact effect of grazing upon as delicate a process as the establish- 
ment of natural reproduction requires careful investigation. 

Sometimes grazing is of assistance in establishing reproduction either 
by preparing a seedbed favorable for the early survival of seedlings 
or by reducing to a minimum the competition of grasses, herbaceous 
plants, and shrubs with the reproduction. Pearson (1934) has shown 
such competition to be a critical factor with ponderosa pine. 

The cumulative effect of the destruction of reproduction over a long 
series of years is finally the destruction of the entire forest. As the 
older trees die or are cut they are not replaced by young growth. The 
stages through which a hardwood forest passes in this gradual process 
of destruction are well described by Day and Den Uyl (1932). 

Effect upon Trees Past the Reproduction Stage. When trees have 
once elevated their crowns above the reach of animals they are free 
from serious direct injury by domestic animals. Injury may be done 
by trampling and barking exposed roots or by rubbing (principally by 
cattle) and by the compacting of the soil so as to hinder aeration. The 
chief loss is a reduction of the stocking and increment of the stand 
resulting from the injurious effects of grazing upon soil. Shallow- 
rooted species are likely to suffer more injury through trampling than 
deep-rooted trees. 

The compacting of the soil and the grass growth, which often results 
when stock have destroyed the forest litter, affects injuriously the sup- 
ply of moisture in the ground available for tree growth (Tillotson 
1927). Trees of all sizes may be seriously affected and usually indi- 
cate their ill health by becoming stagheaded. Such trees may eventu- 
ally die. The grazing if prolonged for many years may so change soil 
and moisture conditions as finally to destroy the entire stand. 

In sugar maple stands where maple sirup is a primary product 
grazing may result in decreased yields. Dambach (1944) estimated 
the loss in value of maple sirup production on grazed areas at $10.67 
per acre per year. The loss is attributed to absence of an adequate 
forest litter in the grazed stand which affected the water-holding ca- 
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pacity of the soil and the depth to which the soil froze during the 
season of sap flow. 

Overgrazing by injuriously affecting the health of the forest makes 
it easier for insects and fungi to attack the trees. Grazing, particu- 
larly in hardwood stands, destroys the cover for birds and conse- 
quently assists in driving them from the forest, to the benefit of the 
injurious insects upon which many of the birds feed (Day 1930). 

Continued heavy grazing that prevents reproduction compacts the 
soil, exposes the tree roots, destroys the forest floor, and brings in a 
grass sod as substitute for the normal forest floor; these changes in 
site conditions will ultimately destroy the forest itself (Den Uyl 1945). 
This is the final effect, already apparent in many places. 

Effect upon Fire Control. Grazing has a distinctly beneficial in- 
fluence in reducing the forest fire danger. Grasses and forage plants 
when present in the forest constitute the mogt readily inflammable por- 
tion of the fuel for fires. When this is removed by grazing, the fire 
danger is reduced, the start of a fire being rendered less easy and some- 
times its rapid spread made impossible. Livestock often assist in 
breaking up slash and dead material and thus hasten decay. The 
beneficial influence of grazing upon fire protection may offset all injury 
caused to the soil and the forest. 

This effect of grazing has been recognized in a variety of widely 
distributed forest types. Hatton (1920), after studying the subject 
in reference to conditions on the national forests, concluded that nor- 
mal grazing decreased the number and the spread of forest fires, and 
he recommended more intelligent use of the livestock industry to assist 
in the prevention and control of fires. Ingram (1928) has also recom- 
mended properly regulated grazing as a fire prevention measure. 

The custom of setting fires each year in the winter for the purpose 
of burning off the dead grass, thereby enabling livestock to reach the 
tender new shoots, still prevails in parts of the South. It is based on 
the premise that such action improves the grazing. As a matter of fact 
Greene (1933) has proved for the longlcaf pine type that cattle gain 
more weight on burned than on unburned pastures, the increase com- 
ing in the early part of the season. Both the quantity and quality of 
forage were increased on the burned area. The grass starts growing 
earlier on burned areas because of higher soil temperatures, while on 
unburned areas it is smothered by the litter. If the returns of a single 
year are looked at and the gain in weight of livestock is the chief con- 
sideration, burning appears advantageous. There are other sides to 
the situation that usually make it undesirable to burn annually, even 
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in such a fire-resistant type as longleaf pine where fire at less frequent 
intervals may be advantageous for reasons other than for forage pro- 
duction. 

The stockman of course knows that if he can destroy the forest by 
fire or other means more light will reach the ground, less organic litter 
and tree reproduction will cover the soil, and consequently there will 
be more opportunity for grasses and other forage plants to develop. 
Hence in some parts of the country the livestock industry has been a 
distinct menace to the proper control of forest fires. 

BENEFITS VERSUS INJURIES FROM GRAZING 

The extent of the injury from grazing to the production of tree crops 
is exceedingly difficult to estimate, since the major portion of the loss 
accrues to young reproduction and to soil conditions resulting in a loss 
of increment and a reduction in density of stocking. In the sections of 
the country where the forest occurs principally as scattered farm wood- 
lots, grazing is the primary source of injury and leads to complete 
destruction of the forest. 

Grazing at first sight appears beneficial to the community as a whole, 
producing relatively large annual receipts expressed cither as rents for 
grazing privileges or as values of domestic animals supported. In 
regions where the management of livestock is important, damage to 
the forest often is considered incidental to and a necessary consequence 
of the grazing industry. Places may be found all over this country 
where portions of the forest should be abandoned, as such, and kept as 
open groves for their shelter to livestock, or else the land should be 
cleared entirely of trees and put into open pasture. 

On most forested areas the forest should be considered first, and only 
such an amount of grazing should be allowed as will not injure the 
forests or alter their influence. The national forests, for example, fall 
within this class of land and require such management of the grazing 
as shall not interfere with the primary purposes of timber production 
and watershed protection. 

Too little consideration has been given the question of the relative 
benefits likely to follow from the use of given areas of land for the pro- 
duction of trees or for grazing purposes and the extent to which the two 
can be combined profitably upon the same areas. Until this informa- 
tion is secured, it may be difficult to determine whether in specified 
forest areas certain of the harmful effects of grazing should be tolerated 
or prevented. In general, areas classed as forest lands will return a 
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higher profit from tree crops than from livestock and should be devoted 
exclusively to the former purpose. Only in those forest types which 
normally, in fully stocked stands, provide abundant palatable forage 
should grazing be considered in conjunction with timber production as 
a permanent combination. 

Southern pine lands in their present average understocked condition 
have forage available for cattle. Grazing, carefully controlled as to 
number of animals and season of use, can be of benefit by furnishing 
a cash income while the forest is being built up to full stocking. Graz- 
ing at this stage is beneficial not only from the financial standpoint but 
also in assisting pine reproduction through reduction of grass competi- 
tion and in reducing the fire danger (Campbell and Rhodes 1944). In- 
telligent livestock management, which is spreading throughout the 
South, tends toward less reliance upon woodland grazing, except in a 
part of the year, and more upon other pasturage and feeding. Thus, as 
the pine forests become fully stocked and crowd out most of the forage, 
the industry will be in position to thrive without much woodland 
grazing. 

As studies are made, the evidence is becoming more concrete that 
timber production pays higher returns than grazing on forested areas. 
In Ohio woodlots the returns from timber growing are estimated at 
several times the returns from pasturing livestock in the same areas 
(Tillotson 1927). 

Within the timber zone in the California pine region production of 
not less than 50 cents per acre per year in growth of timber is estimated 
(Show and Kotok 1924), whereas the annual return from grazing does 
not exceed 15 cents per acre on the best areas. Pearson (1935) esti- 
mates the annual increment of ponderosa pine stands at 15 to 25 cents 
an acre and the annual forage crop on the same areas as worth 1% 
cents per acre. 

These are only a few examples showing what appears to be the gen- 
eral situation. So far as is known every investigation which has been 
made comes out with this same conclusion. There are, of course, scat- 
tered pieces of forest land which may have agricultural value, and they 
might well be cleared and be put to producing such crops. Forest land 
which is not of this character, however, will pay better returns to the 
community in the long run when used for the production of trees rather 
than of livestock. This fact justifies efforts to prevent further serious 
damage to the forest from domestic animals. 

Since the livestock industry is a going business with income returned 
each year, whereas the growing of tree crops is in its infancy and often 
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cannot yet pay annual returns, it is difficult to bring landowners to a 
correct point of view and get them to give the production of forest crops 
the priority that it merits. The raising of livestock by means of food 
picked up by the animals roaming in wooded pastures is a crude type of 
land use which deserves to be discontinued just as fast as correct land- 
use management is applied. 

Stockmen sometimes take the viewpoint that forest lands have a 
higher social value for livestock production than for timber growing, 
in other words, that the community would benefit by the continuation 
of forest grazing rather than the development for producing forest 
products. On analysis this position will usually be found incorrect; 
the greatest community benefits in the long run will come from full 
production of forest products. Pearson (1935) estimated that 10,000 
acres of ponderosa pine land in the Southwest if grazed provided 300 
to 900 man-days of labor, depending on whether cattle or sheep were 
grazed, whereas the same land under good forest management could 
furnish 1800 to 3000 man-days of labor depending on whether manage- 
ment was extensive or intensive. 

METHODS OF CONTROL 

Methods of controlling injury from grazing may be summarized 
under the following two headings: 

Exclusion of livestock from the area to be protected. 

Regulation of allowed grazing. 

Exclusion of Livestock. The most satisfactory method of con- 
trolling injury by livestock, from the standpoint of forest production, 
is complete exclusion of animals. This method, though already invol- 
untarily in operation in many forest areas where fully stocked stands 
have suppressed the forage plants, is too drastic to fit present economic 
conditions in many parts of the country. Established livestock inter- 
ests organized to utilize the forage available today in the open, mis- 
managed forests understocked with trees and overstocked with shrubby 
and herbaceous forage plants cannot be immediately divested of their 
opportunities for grazing without serious economic consequences. The 
exclusion of livestock must come gradually as the forest is developed 
into a productive unit, and thus opportunity is afforded for higher com- 
munity prosperity than was possible during the forest-pasturage era. 

With complete fire protection the forest is likely to become fully 
stocked. This will automatically decrease or exterminate the palatable 
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forage in most forest types and ultimately should tend to bring about 
the permanent exclusion of grazing animals on many areas now grazed. 

Domestic animals may be excluded from an area throughout the 
entire rotation or only for the regeneration period. Exclusion for the 
entire rotation might be necessary in protection forests, where damage 
from erosion or floods might occur or the life of the forest be threat- 
ened. Elsewhere such an extreme measure is not always essential for 
the less injurious kinds of animals. In forests where grazing is ex- 
ceedingly injurious, it may be necessary to exclude stock permanently, 
even though the forests are managed primarily for timber production 
rather than for protection purposes. If the grazing would result in 
destroying or compacting the forest floor, livestock should be perma- 
nently excluded. 

Most of the direct damage by grazing to the forest is done during 
the reproduction period. The young plants are just at the stage when 
they can easily be killed by livestock and need protection until they 
are high enough to be beyond the reach of browsing animals. Hence, if 
animals are excluded during this period and then admitted for the 
rest of the rotation the direct damage to the forest in certain forest 
types may be reduced to an insignificant amount. 

Selection stands are continually undergoing regeneration and conse- 
quently may need permanent exclusion of grazing. Usually when re- 
production has fully stocked an area there will be available during 
the rest of the rotation only small quantities of forage, in most cases 
too small to be economically utilized by domestic livestock. Hence, 
where exclusion of grazing during the regeneration period is needed, 
such exclusion may often be permanent. 

Since the effect of grazing upon reproduction is problematical, both 
injurious and beneficial effects being known, exclusion during the re- 
generation period should not be attempted in all forest types or regions. 
Such action may fail to take advantage of a favorable effect which 
grazing may have on the establishment of reproduction. In some 
although not in most instances, properly regulated grazing in the re- 
generation period may be highly beneficial. 

An illustration of the application of this principle is found in the 
ponderosa pine forests of Arizona and New Mexico, where continuous 
heavy grazing is destructive to pine reproduction and may prevent the 
establishment of well-stocked young stands. Pearson (1934) has 
found, however, that grazing preferably by cattle if skillfully con- 
trolled can be usefully employed in the regeneration period. He sug- 
gests relatively heavy grazing at the time of a seed year and continuing 
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until the seedlings are 5 to 6 years of age, in order to minimize com- 
petition from grass, after which lighter grazing to avoid browsing in- 
jury is indicated. 

In the longleaf pine type it is necessary to exclude hogs from areas 
being reproduced, because the hogs destroy .the seedlings. Since live- 
stock owners in many parts of the South are not required by law to 
fence in their livestock, it becomes necessary for the forest owner to 
fence out the other people's hogs. Sometimes it may be practicable 
to fence individual areas being reproduced, but oftentimes it may prove 
more economical to put a hog-proof fence around the entire tract under 
management. The construction, maintenance, and depreciation of such 
hog-tight fences are estimated to cost 6 cents per acre of area protected 
per year, if large tracts are fenced in (Forbes 1930) . 

The U. S. Forest Service has the authority to exclude grazing from 
areas within the national forests. Several million acres of lands for- 
merly grazed in the national forests have been withdrawn from such 
use. It is to be hoped that further exclusions will be made as the forests 
become better stocked with reproduction and the productive power of 
these forests increases. 

Regulation of Allowed Grazing. The principle which justifies the 
allowing of regulated grazing in the forest is that, if all forms of over- 
grazing are avoided and only that grazing is allowed that the available 
forage will satisfy, the damage to the average forest and soil will be 
insignificant. Under this system domestic animals are allowed to 
graze in the forest, but the kind of livestock, the numbers, season for 
grazing, and the distribution over the range of the animals are carefully 
regulated. This method is in successful operation over a large part of 
the national forests. It is much better suited to the character of the 
existing forest and to the present economic situation, particularly in 
the western United States, than the complete exclusion method. Each 
kind of animal has its own preferences as to forage and forest condi- 
tions and if possible should be located only on areas where its require- 
ments can be met without injury to the forest. The most efficient use 
of the range will be obtained only when the right kind of animals are 
grazed. Cattle prefer park-like timber stands or woodland areas and 
the meadows found in openings throughout the forest. Sheep graze 
steep slopes, brushy areas, and dense timber in a more thorough fashion 
than cattle. 

Experience has demonstrated that the injurious effects of grazing 
increase rapidly with the number of head of stock grazed on a given 
area. Until forage becomes scarce, the animals do not browse the less 
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palatable food furnished by trees. By properly regulating the number 
of animals, sufficient forage is provided for all animals without their 
having to browse upon the trees. 

Beside restricting the number of animals allowed on an area, it will 
also be necessary to regulate the season during which these animals 
can graze. This is essential in order that forage conditions may be 
improved. The damage to the forest can be reduced not only by con- 
trolling the number of animals but also by increasing the amount and 
quality of the forage plants. The plants must be allowed to develop 
vigorously and to reproduce. If grazing is permitted too early, the 
forage plants may be cropped close before gaining adequate size and 
strength; also, if the ground is too wet, trampling and compacting of 
the soil may result. Grazing too late in the season is likely to injure 
the forage plants and the soil through too close utilization of the forage. 
The opening and closing dates of a grazing season are related to climate 
and weather and may vary from year to year (Costello and Price 
1939 ). 

Opportunity must be allowed at properly spaced intervals for the 
forage plants to produce seed and thus assist in maintaining fully 
stocked forage crops. Under constant close cropping throughout the 
growing season, seed reproduction of the forage plants may be pre- 
vented. To avoid this, deferred and rotation grazing should be prac- 
ticed. Deferred grazing consists in delaying the grazing use of an area 
until the plants have matured their seed. Then, grazing the area at 
the time of seed fall may assist in establishing new forage plants by 
working the seeds into the soil through trampling. Rotation grazing 
consists in shifting deferred grazing to different areas each year. In 
this way the forage crop on any given area can gradually be increased. 

Efficient regulation of grazing should maintain a satisfactory dis- 
tribution of the animals over the range. If this is not accomplished 
the animals are likely to concentrate on certain portions of the range 
and there cause severe damage because of a shortage of food, while 
on other parts of the area available forage is untouched. Thus local 
overgrazing is likely to occur, even on portions of larger areas that as 
a whole are not carrying an excessive number of animals. 

A uniform distribution of the animals over the range must be accom- 
plished largely either through the development of properly located 
range improvements or by the methods used in herding the animals 
which, like sheep, are grazed in bands. 

The range improvements which assist most in obtaining an even 
intensity of grazing use are watering places and salting grounds. 
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Fences to keep the stock on the allotted range may also be needed 
where natural boundaries are lacking. 

On the national forests the Secretary of Agriculture has the au- 
thority to permit, regulate, or prohibit grazing. More than 80,000,000 
acres of national-forest land are reported by the forester as suitable 
for livestock grazing. Over 5,000,000 cattle, horses, sheep, and goats 
are permitted to graze in the national forests under regulations which 
are intended to prevent injury by these animals to the soil and vege- 
tation. 

Outside of the national forests very little has been done to regulate 
grazing in forested areas. There is a large field for its application on 
tracts of all sizes from the smallest woodlot upward, particularly in 
the South where at present there is much free and unregulated grazing 
of forest areas by nonowners of the land. 

The general trend of the livestock industry is toward more intensive 
methods of handling stock. As this affects the forest it means more 
improvements on the range for regulating the movement of stock, a 
restriction of the general running of livestock over wild wooded areas, 
and the increase of feeding in buildings and on well-kept pastures. 

These methods should, on the whole, operate toward reducing the 
damage to the forest, because well-cared-for livestock are not so eager 
for the relatively low-quality forage provided by the forest. More- 
over, the increasing realization by the livestock owner that his own 
interests are best served by a conservative management of the forage 
plants in wooded areas will tend to lessen overgrazing and, conse- 
quently, damage to the forest. 

The problem of grazing control is not the same over the entire 
country. At least three entirely different situations can be recognized 
which the following quotation from Chapline and Campbell (1933, p. 
527) well summarizes: 

The forest land grazing problem logically divides into three important 
phases: The western-range phase, that which predominates in the South, 
and the pasture type in the farm woodlands. In the West the problem 
centers around the utilization of large areas principally of public land by 
many private owners of range property and livestock. In the South it 
largely concerns the use of extensive private forest areas often not owned 
by the stockman yet of decided value to the rural population. In the farm- 
ing regions of the Central States, and in parts of the New England, Middle 
Atlantic, and Lake States, it involves small woodland areas on farms into 
which the farmer turns his livestock. 
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It may be anticipated that in the West, where the national forest 
lands furnish the requisite summer forage, the use of forested lands as 
grazing grounds will continue indefinitely with grazing allowed under 
regulation. Gradually, as the western forests recover from past abuses 
and improve in density, grazing in the forest will decrease, but always 
open areas with forage will be interspersed in the forested areas. By 
continued regulation of grazing, damage can be kept at the minimum 
which will not interfere with timber production. The policy should be 
to encourage grazing while forest productivity builds up. Ultimately, 
returns from forest industry based on fully stocked forests should 
gradually reduce grazing in certain forest types. 

Throughout the South a certain amount of livestock grazing can 
always be permitted in the southern pine types without serious injury 
to the timber. But, as organized timber growing and naval stores pro- 
duction develop, the fully stocked stands will furnish relatively little 
forage. Enough area of good soil exists so that in the long run live- 
stock production will be concentrated on cleared areas. The exclusion 
of hogs and the regulated grazing of other animals in the pine types 
should be the aim. Grazing in the hardwood types, if allowed at all, 
should not be permitted on areas being reproduced. 

Livestock should be excluded from the farm woodlots of the central 
and northern states throughout the rotation. Here grazing and timber 
growing should be on separate areas. All the land needed for perma- 
nent pasture should be cleared of the forest. The remaining forest 
should not be grazed. Exceptions should come only where temporarily, 
to secure the beneficial effect of grazing on the establishment of conifer 
reproduction, animals may be admitted in certain forest types. 

In all forest regions control of grazing should be recognized as a 
problem for the forester to handle so that it gives as much revenue as 
is consistent with the primary purpose of forest crop production. Graz- 
ing is essentially a land use subordinate to timber production, water- 
shed protection, and recreation. Where it injures the forest for these 
other uses it must be regulated or entirely excluded. 
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CHAPTER 


Protection against Wildlife: Animals Other 
than Insects and Domestic Animals 

GENERAL CONSIDERATIONS 

The term ^^wildlife’^ as used for the purpose of this chapter may be 
defined as including all animals other than insects and domestic ani- 
mals, both of which have already been considered in previous chapters. 
It is evident that a great variety of animals of diverse habits and char- 
acteristics are grouped in the present discussion. They all have this in 
common, that they are studied here from the forest protection angle 
rather than from the standpoint of the management of wildlife as a 
natural resource in itself. It is already well recognized by foresters 
that wildlife is one of the natural resources connected with forest land, 
and a resource which oftentimes can be turned to profit. Indeed, the 
production and utilization of animal products may furnish substantial 
revenue from forests. 

However, the viewpoint here is that of forest protection. Though 
recognizing the advisability of developing wildlife as a resource, this 
discussion is restricted to the influence wildlife may have upon the pro- 
duction of wood crops. In this connection the forester will always have 
an interest in wildlife management for the purpose of keeping wildlife 
down to such a degree of stocking as is consistent with an acceptable, 
i.e., not too great, amount of damage to the forest. 

Although numerous animals are included under the term wildlife, 
yet the number of animals causing important injuries to the forest 
is relatively small. From the standpoint of forest protection, the 
various animals may exert either beneficial or injurious influence. In- 
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deed, the same animal sometimes both injures and assists the growing 
forest crop. 

The principal animals classed as wildlife causing damage to tree 
crops include deer, beaver, porcupines, rabbits, mice, squirrels, and 
birds. Although the injuries inflicted upon the forest resulting from 
the work of these animals are less important in the aggregate than those 
caused by Are, insects, plants, or domestic animals, still relatively large 
losses on limited areas may ensue from the attacks of any one of the 
types of animals just mentioned. 

In general, the damage caused by wildlife consists in the browsing 
of foliage, buds, and young shoots, in the gnawing of bark, often to 
such an extent that trees are girdled, or in mechanical injuries to the 
trees. Many trees are actually cut down by beaver. Sometimes injury 
from wildlife may be confused with that caused by domestic animals, 
but careful observation should serve to identify the injury actually 
caused by wildlife. In this connection, Pearce (1947) has compiled the 
characteristic signs whereby injury by wildlife to trees and shrubs in 
the northeastern forests can be definitely identified. The kind of 
damage varies greatly with the kind of animal responsible. 

Before taking up in detail the damage caused by the various types 
of wildlife, it is desirable to discuss the principles governing control 
of wildlife damage as a whole. It is recognized that the wildlife in the 
forest must play an important part in the biology of the forest com- 
munity. The wild animals live in a delicately adjusted relationship 
with one another and with their forest environment. Changes in 
animal relationships are likely to be reflected in a rise or fall in the 
population of given animals. 

Changes in the wildlife equilibrium may cause changes in the amount 
of damage done to the forest. Conversely, changes in the forest brought 
about by cuttings, fire, or other causes are likely to result in changes in 
wildlife populations. 

In the original forest there undoubtedly existed more or less a balance 
among the different forms of wildlife. This balance was by no means 
static, since virgin forest conditions are themselves subject both to 
continuous slow changes and to occasional radical and quick trans- 
formations. But it is unlikely that wildlife caused such serious dam- 
age to the original forest as that which has followed many of the 
changes wrought by man. The situation changed when man came on 
the scene and by his more radical and frequent interference with nat- 
ural processes upset the biological equilibrium existing among the 
animals (Taylor 1934) . 
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Although the forester has studied the ecology of the plants in the 
forest community and is familiar with the radical changes in the 
natural processes of plant succession which arc caused by silvicultural 
operations, he has not realized fully that changes in respect to the 
development of wildlife, similar to those occurring among plants, should 
be anticipated in the managed forest. 

The greatest damage to the forest from wildlife occurs in those places 
and periods of time when interference with the currently existing bio- 
logical processes has caused some type of animal to multiply pro- 
lifically or to be restricted in its normal food supply. When either of 
these two things happens, the forest is likely to suffer unusual amounts 
of injury — so great that frequently steps should be taken to eliminate 
or minimize similar injury in the future. When such a situation arises 
the forester sometimes is tempted to exterminate an especially trouble- 
some animal pest. This is usually difficult and unwise. Before under- 
taking such drastic action he should remember that each animal has its 
own place in the biological complex and its own function to perform. 
Any attempt to improve conditions by exterminating any of the wild- 
life requires full knowledge of the existing relationships. 

Indeed, the principle may be accepted that for each forest area there 
will be a legitimate place for a given number of each species of animal 
suited to the region and period of development. This does not mean 
that every animal which existed in the original forest should be main- 
tained, but, if only those animals suited to the region and to the period 
of development in which the forester is working are included, then it is 
best that all should be retained. The forester^s aim should be to main- 
tain, by inexpensive methods of management, the animal population 
at a desirable quantity, neither too great nor too small, for each species 
rather than to exterminate a species. 

Much more investigation is needed before the proper place and func- 
tion, in each forest community, of the different animals can be accu- 
rately stated. With the advance of civilization the details of land use 
and forest crop management are ever changing; hence it is reasonable 
to expect that the animal community typical of the virgin forest may 
be modified advantageously. 

The most effective and least expensive method of eliminating, or at 
least keeping down to the minimum, injuries to the forest from wild- 
life will consist in maintaining such conditions as will prevent the 
building up of any animal species to abnormal numbers. This should 
eliminate food shortages and prevent serious damage to the forest. 
More accurate knowledge than we as yet have about the habits of the 
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numerous species of wildlife is needed before such action can be accom- 
plished. 

Direct action is also needed to reduce numbers of a given species of 
animal to a proper point, oftentimes by such methods as shooting and 
trapping the excess number of animals or even by the temporary use 
of such severe measures as poisoning to control some animals causing 
abnormal damage. Unfortunately, authority to do this is not always 
vested in the forest management, but in the long run it must be if 
injuries from wildlife are to be avoided. 

For successful forest management the forester should know what 
midlife population can be supported without appreciable damage to 
the forest and then must have the authority to reduce the excess popu- 
lation to acceptable numbers by forceful measures if necessary. 

The opportunity exists for profitable combination of forest and wild- 
life management. Indeed, there needs to be such a combination simply 
from the standpoint of forest protection because wildlife is already 
present in most forests and requires management to avoid serious injury 
to the forest. Further than that, it may be possible to carry out the 
purposes of the landowners and to increase appreciably the revenues 
derived from a given forest area by a correct combination of forest 
and wildlife management. 

As already explained, this book deals primarily with wood crops 
and not animal crops, recreational use, or other phases of the manage- 
ment of forest lands, which, combined, spell complete development for 
highest usefulness: For this reason a full discussion of methods of 
wildlife management of forest lands is out of place here, but it is most 
important to stress the fact that the best protection against serious in- 
jury to the forest from wildlife will be secured only when wildlife is 
managed scientifically to a greater extent than it is at present. The 
forester consequently should be interested, from the protective stand- 
point, in seeing that proper management of the wildlife resource is 
provided in his forest. He should be prepared to make certain conces- 
sions in order to get the benefit of the increased revenues from wildlife 
and better cooperation from those interested in the wildlife resource. 

It is also recognized that, on properties which are handled primarily 
for development of the wildlife resource, considerably more damage to 
the forest may be done and will be accepted as unavoidable than on 
areas where timber production is paramount. Even on properties man- 
aged primarily for timber, it is questionable whether what could be 
termed excessive injury to the forest will be suffered, provided over- 
stocking of wildlife is avoided. As knowledge increases, production of 
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timber and of wildlife in many instances can be conducted simul- 
taneously upon the same areas, although to do so will require con- 
cessions from both sides. The management must show a high order of 
skill in execution and possess full knowledge of all essential facts to 
make such combined production a success. 

Miller (1934) indicates that silvicultural practice usually has a 
favorable effect upon wildlife, although certain modifications of silvi- 
cultural practices may be required in order to make the most favorable 
conditions for game. 

Where wildlife management proceeds along natural lines there is a 
better opportunity for a combination of forestry and wildlife than 
where methods of artificial propagation are used. 

Gabrielson (1936) suggests certain modifications in methods which 
may be made both by the forester and by the wildlife manager to 
ensure a better combination of the two. As modifications by the for- 
ester he suggests that cutting operations be distributed each year in 
as small areas and as uniformly as possible. This is right in line with 
modern tendencies in silviculture and for reasons independent of wild- 
life should be developed in the forest as soon as possible. 

He further urges that the planting of all the natural openings in the 
forest be avoided. The tendency in the past has been toward stocking 
every inch of open land with tree growth. From the aesthetic stand- 
point this is now recognized as undesirable and is certainly one of the 
concessions which might well be made to encourage wildlife and lend 
variety to the forest scenery. He also suggests that timber stand im- 
provement work, particularly as it was at one time applied by the 
Civilian Conservation Corps, should be modified to avoid injury to 
wildlife. The suggestion is excellent. In the past too many of the 
trees and vines furnishing food for wildlife have been destroyed and 
oftentimes areas cleaned up too thoroughly for the best development of 
wildlife. 

As a modification of the wildlife program, the game expert is advised 
to give the forester more consideration in planning the game-manage- 
•ment program and fitting it in with other land uses. The forester be- 
cause of his broader and more practical training is likely to be a better 
man to direct the administration of a forest property than a game ex- 
pert. Gabrielson also suggests that wildlife planting programs be 
scrutinized to determine whether they are really needed and economi- 
cally feasible, and finally that the effects of game refuges upon build- 
ing up a proper stocking of wildlife and upon the character of the 
damage caused to the forest should be studied. When they have been 
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so studied, it is likely that regulations governing these game reserves 
will be found to need important modifications. 

Cahalane (1939) talking of the Central States region where the fauna 
consists of small forms, advises single-tree selection cutting on small 
tracts. Piling and leaving unburned some of the slash provides shelter 
for wildlife. Clearcutting in small blocks or in narrow strips he con- 
siders the next best practice to single-tree selection cutting. The leav- 
ing of den trees and a variety of trees which the forester considers weed 
trees but which produce food for wildlife is advised. Thinnings are 
generally helpful to wildlife unless too rigid discrimination is made 
against food-producing species. 

More intimate and more beneficial interrelations exist between wild 
animals and the forest than between domestic animals and the forest. 
In fact, wildlife fits in as an essential part of the forest and when 
properly regulated can be included permanently in the forest com- 
munity without serious damage to the forest, whereas domestic animals 
must often be excluded. 

DEER 

All species of deer and elk are potential enemies of the forest in the 
sense that they will cause severe damage where overstocking occurs. 
The principal kinds of deer found in this country are the white-tailed 
deer, common in the eastern half of the country, and the Rocky Moun- 
tain mule deer which is the common species in the West. 

The injuries caused in the forest by deer resemble those by domestic 
animals. This statement does not necessarily mean that they eat the 
same foods, but it does imply that the principal injury done is in the 
nature of browsing upon trees themselves and upon ground cover and 
underbrush. 

Deer eat the same type of forage as sheep and goats and are nearer 
to these domestic animals than to cattle in their food preferences. On 
the whole they prefer browse and weeds to grasses. Robinson (1931) 
found that the deer diet was composed of approximately 60 per cent 
browse, 25 per cent weeds, and 15 per cent grasses and grasslike plants. 
Dixon (1928) observed that 60 per cent of the food that deer would eat 
was also taken by sheep whereas only 50 per cent of the deer food was 
taken by cattle. Both Robinson and Dixon were working in California, 
and their observations were concerned principally with lesser vegeta- 
tion. Often a share of the grass forage will be left untouched where 
deer alone are grazing, while cattle would of course feed upon this 
forage. On the other hand the deer would eat freely of all kinds of 
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woody and shrubby browse which under ordinary circumstances would 
not be preferred by cattle. 

A study of food habits of Minnesota deer (Anonymous 1938) showed 
that 45 species of plants were eaten during the fall but only 25 in the 
winter. Conifers formed three-quarters of the diet in winter but only 
a half in fall. Northern white-cedar was the most valuable as a deer- 
browse species. 

Deer appear able to browse upon practically all species of trees 
found in the forest. Both hardwoods and coniferous trees are eaten. 
Undoubtedly preferences exist in each locality and can be determined 
by observation. From the practical standpoint, where heavy concen- 
trations of deer occur, it would seem that the tree species available 
suffer the most and about in the degree of availability. It sometimes 
appears that deer prefer the plants which are exotic to the site — those 
that have been established artificially and perhaps furnish the deer 
something new and unusual for their diet. Exactly what influences 
deer in their food selections is not definitely known. 

Mitchell and Hosley (1936) in an experiment where they applied 
nitrogen at different rates suggested tentatively that possibly the sugar 
content of foliage may be an influencing factor in determining browsing 
by deer. Food preferences are likely to be local and seasonal. Since 
the principal damage to the forest is done in the fall and winter, the 
forester is most interested in the kinds of food preferred at that time 
of year. Deer sometimes will nip off the buds as well as the foliage 
and small twigs of young trees within their reach. 

Deer may cause complete destruction of the tree growth on an area, 
provided that this growth is so short as to be entirely within the reach 
of the animals. Hence reproduction is more seriously injured than 
older stands. Not only is existing reproduction destroyed but also its 
establishment on open areas may be prevented. Where older stands 
have live branches within the reach of the deer the branches may be 
entirely eaten off for distances as high from the ground as deer can 
reach. Normally this means to about 6 feet, a height to which deer 
can reach by standing upon their hind legs. When trees are bent down 
by the snow they may be injured at points which could not normally 
be reached. 

In addition to the injury done by browsing, deer also cause some 
mechanical injury to trees through rubbing with their horns, barking 
small trees, and breaking the branches. Such injury is much less im- 
portant than browsing and only in occasional places does it become of 
importance. Heavy browsing in some parts of the country is likely to 
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destroy the cover for a large variety of small game and in this way be 
an indirect cause of damage. 

Where the number of deer are limited the damage they do may be 
inconspicuous and of no particular moment. The serious damage is 
caused when the area is overstocked with deer. Abnormal overstocking 
for a large region, however, is not requisite for the infliction of ap- 
preciable damage, since deer frequently eat heavily on restricted areas 
within their range, causing injury there, although at the same time 
other areas nearby may contain plenty of forage which is not browsed 
because the deer do not like to move from their accustomed range. The 
habits of deer as to food preferences and places for feeding need further 
investigation. In general, where heavy snows lie during the winter 
season, the greatest damage will be found to occur on warm southern 
slopes and in the bottoms of sheltered valleys. 

In many parts of the country the numbers of deer are too small to 
cause serious damage except on occasional trees, but, as the problem is 
studied, overstocking is frequently found to occur either in restricted 
localities or over considerable extent of territory. Two well-known in- 
stances are the Kaibab National Forest (Anonymous 1931) and por- 
tions of Pennsylvania. 

Just how many deer can be allowed in a given area without so over- 
stocking it that severe damage results has not been definitely estab- 
lished. The figure will vary with the forest type and other factors. 
A stocking of 1 deer to 40 acres may be considered relatively safe as 
far as general datnage to the forest is concerned, although even under 
such conditions it might be possible to have severe damage upon certain 
small areas. Where the deer were most abundant in Pennsylvania 
(Clepper 1931) the average stocking was 1 deer to 12.5 acres of forest. 
In these areas the damage caused was so severe as to have instigated a 
study of how best to reduce the stocking to a reasonable number. 

Clepper (1931) considers that, although under Pennsylvania condi- 
tions 15 to 25 acres would support a deer, even with such stocking the 
vegetation would be so heavily browsed that inadequate food and cover 
would remain for small game. 

Indirectly deer cause additional damage by taking some of the food 
which would be eaten by domestic animals, thereby reducing the pos- 
sible stocking of such animals. In regions where the two types of 
animals eat different foods this point of course will not hold. However, 
the food requirements are sufficiently similar so that deer will eat a 
considerable share of the food which some types of domestic animal 
would consume. Grazing by domestic animals is generally a higher 
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form of land use than game management, and if interfered with pre- 
sumably the revenues from the forest will be lessened and loss suffered 
in this way because of the deer. 

The most satisfactory method of control from the standpoint of 
expense involved and effectiveness is to reduce the number of deer to 
a proper degree of stocking. Methods for doing this must be worked 
out in harmony with the game laws in each individual state. Liberaliz- 
ing the hunting laws by extending the season, allowing the shooting of 
more animals, permitting does as well as bucks to be taken, and the 
abandoning of game refuges have all been suggested as means of ob- 
taining the right stocking in areas now overstocked. The proper stock- 
ing will, of course, result in improving the health of the deer herd and 
in making hunting a better sport. Undoubtedly the average forest can 
carry a reasonable stocking of deer without suffering appreciable injury. 

Aldous (1941) suggests that the northern white-cedar swamps in the 
Lake states be selectively cut in winter to furnish the browse needed by 
deer. The cutting should be done gradually as the deer need the browse, 
approximately 4% pounds of cedar per day per deer. The ideal cut- 
ting pattern would develop small clearings Ys to % acre in size spaced 
% to Y 2 mile apart. For cedar to reproduce in the Lake states the deer 
must be excluded or maintained at a low number. Aldous considers 
protection of cedar by deer-proof fence too expensive. As the right 
solution, namely reduction of the deer herd, is opposed by public senti- 
ment, presumably the cedar will disappear. 

The point that proper stocking must not be exceeded if deer are to 
remain healthy can scarcely be overestimated in its importance from 
the standpoint of developing better understanding between sportsmen 
and the forest manager. Perhaps in respect to deer more than to other 
animals the sportsmen have believed that no limit should be placed 
upon their numbers. Many well-meaning people have taken this atti- 
tude, and they must be convinced that the reduction in numbers is an 
essential measure for the continued healthy development of deer. 
Without their cooperation it is questionable whether adequate reduc- 
tion in numbers of deer can be secured in many parts of the country. 

One of the principal reasons for overstocking with deer comes from 
the fact that predatory animals capable of killing deer have either 
been exterminated or are kept at such low numbers that their beneficial 
effect in thinning the deer herd is lost. Mountain lions, if not hunted 
too closely, will in the unsettled sections of the West go far toward 
keeping the deer down to a normal population. 

Other methods of reducing the number of deer and keeping them at 
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a reasonable figure would be the building of more roads to make in- 
accessible areas easier to get at and thus encourage more hunters to go 
into them. 

Besides regulation of the stocking, various special methods of con- 
trolling deer have been used to some extent in this country and abroad. 
They include such types of work as the erection, around areas being 
reproduced, of deer-proof fences too high for the deer to jump; the 
protection of the tops of young plants with repellent compounds such 
as tar, grease, and sulphur; or their protection by metal guards of 
various types intended to prevent the deer from biting the terminal 
shoots. All such methods are too expensive to be considered as prac- 
ticable in forestry work, except under extremely intensive manage- 
ment. Clepper (1931) has found that lopped branches laid over the 
trees to be protected keep the deer from browsing where wcedings in 
plantations are being made. This might prove an inexpensive method 
of lessening the damage. He also estimates the cost of fencing 7% feet 
high with woven wire at $4.00 per rod. 

Weiss (1940) found effective a repellent made of 1 part hydrated 
lime, 5 parts fresh cow dung, and enough water to produce a mixture 
of about the consistency of rather thin plaster. 

BEAVER 

Beaver are looked upon by many people as most valuable and inter- 
esting animals which should be encouraged as far as possible. From 
the standpoint of fur production this is undoubtedly true. In many 
parts of the country, beaver have already become extinct, and their 
number in most regions has been reduced so materially as to threaten 
extermination. Under the protection which beaver are now receiving 
in some areas, the danger of extermination is less imminent. 

Beaver have had a beneficial influence in creating meadows and 
stopping erosion. Ruedemann and Schoonmaker (1938) conclude that 
“beavers are able to aggrade all smaller valleys below the size of 
navigable rivers. . . . The fine silt gathered in the beaver pools has 
produced the rich farm land in the valleys of the wooded areas of the 
northern half of North America. 

Beaver, however, are not animals that can be encouraged without 
expecting severe injury to the forest. This injury is restricted, to be 
sure, to areas in the vicinity of streamways and ponds. In a well- 
watered section, particularly where the topography makes possible 
many slow-flowing streams, swamps, and ponds, the area subject to 
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beaver damage may approximate the entire forest area. In other 
regions of rough topography, beaver, even though present, may never 
be of appreciable importance as a source of damage. The average 
situation lies between these extremes, and usually damage affects only 
a small portion of the forest area. 

At the present time beaver are relatively so scarce that the amount 
of damage caused in most forest areas is of small moment, yet on an 
area where they are abundant the injury they inflict may be of primary 
importance. For example, the damage within recent years to the black 
spruce forests in northern Minnesota has been severe (Hoene 1946). 
Beaver have been causing four types of damage to the forest in that 
region: seed germination is prevented, small seedlings are killed, stand- 
ing timber is destroyed, and growth is retarded on trees in stands partly 
flooded. In 1 year the partial flooding of 10,000 acres is estimated to 
have cost the community more than $75,000. 

The damage done by beaver consists in the girdling and felling of 
trees including many of merchantable size. A large number of trees 
are killed in this way in the vicinity of their ponds and dams. Certain 
species, particularly the aspens, are preferred. 

Next to aspen, birch appears to be a favored food species. Softwoods 
such as hemlock, spruce, pine, and cedar are not so well liked as many 
of the hardwoods. Nevertheless the bark on these species may be 
eaten. Beaver cut a good many softwood trees, but usually the trees 
are neglected after being cut or some branches may be taken and added 
to the dam or beaver lodge (Johnson 1927, pp. 615-616). The prin- 
cipal food of the beaver consists of the bark of deciduous trees. The 
animals peel the bark from the larger pieces right where they are 
felled; the smaller branches may be taken away entire or gnawed into 
sections and transported to the feeding grounds. A relatively large 
amount of wood in the trees which they fell is not utilized by the 
beavers (Aldous 1938). 

Beavers also eat buds and a variety of other herbaceous materials. 
They cut trees down primarily for food but likewise use portions of the 
trees in dam and lodge construction. They also store food for the 
winter, mainly in the form of small branches, in places near the beaver 
lodges or burrows where they can swim to it under the ice. 

In addition to actually felling living trees beavers cause other classes 
of damage. They may destroy the entire stand adjacent to ponds by 
raising the water level, thus submerging the root systems of standing 
trees or at least increasing excessively the moisture content of the soil. 
The damage resulting from flooding is greater than that consequent 
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upon the girdling of trees. Their habit of raising the water level of 
ponds is also a source of damage to property around the ponds. Build- 
ings may be flooded by the rising water, and areas of ground may be 
rendered more boggy. 

As a remedy against damage caused by flooding, the beaver dams 
may be dynamited or torn out and the water level lowered. This is 
only a temporary remedy since the beavers are exceptionally active 
in rebuilding broken dams and again raising the water to its former 
level. A method of drawing the water from their ponds, by means of 
pipes with the ends protected, so as to reduce the water level to a 
desired point, has been suggested by Bailey (1927) as another method 
of control. To save trees from girdling the beavers might be fenced in 
or valuable trees might be surrounded at the base by wire fences. 
These last two measures are not practicable in forestry. 

A reduction in number of the beaver by trapping or shooting is the 
only remedy that will reduce the damage appreciably. Unless income 
from beaver for fur or as a recreational asset is considered a valuable 
element in the land income, it will be advisable to keep the number of 
beaver very low or to remove them entirely from the forest area. 

PORCUPINES 

The porcupine where found in abundance is one of the most injurious 
wild animals in the forest. The porcupine has a widespread range 
through the northern and western portions of the country and feeds 
upon a great variety of trees. Fortunately, its distribution and the 
consequent damage are not uniform. The animal is concentrated on 
certain areas and virtually absent on others. In the Southwest the 
porcupine is relatively more abundant on cutover areas than in fully 
stocked forest. This is explained (Taylor 1935) by the greater abun- 
dance of herbaceous vegetation on the ground in the cutover areas. 
The diet of the porcupine is a combination of material from trees (inner 
bark and foliage principally) and herbaceous browse. During the 
summer, herbaceous vegetation is the chief source of food ; when snow 
is on the ground the inner bark of trees is utilized. In the intermediate 
seasons both types of food are eaten. The porcupine prefers areas 
where both types of food can be secured. 

Curtis and Kozicky (1944) working in Massachusetts and Maine 
found that porcupines will eat a great variety of food. Among conifers, 
hemlock foliage is preferred, and the inner bark of sugar maple is a 
favorite food. 
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The damage to the forest caused by porcupines consists in the biting- 
off of small seedlings, eating of foliage, and gnawing of bark on larger 
standing trees. The injury may occur on any part of the bole or on 
the branches since the animals climb practically to the tops of trees. 
When the bark is gnawed completely around the trunk the bole is 
girdled and a portion above the girdle dies. Repeated attacks result 
in deforming the tree. In many instances complete girdling does not 
result, but serious open scars are left on the bole or branches. The 
most complete destruction is caused where stands of young reproduc- 
tion are attacked. Sometimes a large percentage of the stand on 
limited areas is ruined. The damage is greatest near the porcupine 
dens, which are most abundant in rocky country. 

Where the forest on the more difficult sites is of an open character, 
as it may be on cutover and burned-over areas, and where reproduc- 
tion is needed, the porcupine may actually threaten the continuance 
of the forest because of its continued destruction of reproduction and 
attacks on the trees furnishing seed. 

The porcupine has no important beneficial function other than to 
add variety to the forest scenery. It has no value as a game animal 
except in emergencies and so far as known has few if any interrelation- 
ships with other members of the forest community. Mistletoe occur- 
ring on ponderosa pine in the Southwest is a favorite food of the porcu- 
pine, and Taylor (1935) mentions this as a possible beneficial influence 
of the animal. Usually the porcupine eats not only the mistletoe but 
also patches of the bark and furthermore may possibly assist in spread- 
ing infection of mistletoe. 

The best method of control is killing the porcupines. No seasonal 
restrictions have been set upon their destruction. Mountain lions, 
bobcats, and fishers appear to be the chief natural enemies of the porcu- 
pine and undoubtedly would go far to effect control if they were them- 
selves allowed to become abundant. It is, however, impractical to de- 
pend entirely upon this method of killing the animals. 

Shooting is an excellent method of control when the animals are 
abundant and can be found easily. It has its greatest usefulness in 
winter when the porcupines spend most of their time in the trees. 

The placing of a bounty on porcupines has been tried temporarily 
in some of the northeastern states. This will accomplish a reduction 
in number of animals where they are abundant but is likely to prove 
expensive. 

The U. S. Fish and Wildlife Service has worked out a method of 
poisoning porcupines (Gabrielson and Horn 1930), experimenting 
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chiefly in Arizona. Two general methods of putting out poison bait 
were employed. In one, strychnine mixed with common salt was 
placed in rough wooden cups nailed to the trunk of the tree 8 or 10 feet 
above ground usually at a convenient height above a large limb so that 
the porcupine could sit on the limb while he fed from the cup. Investi- 
gation had disclosed that during the seasonal migration of porcupines 
they followed well-defined routes and certain individual trees were fre- 
quently visited. 

This method of putting poison in selected trees has proved more 
satisfactory than the second method of poisoning, which consists in 
placing the bait in the porcupine dens. Unfortunately, poisoning is 
illegal in some parts of the country. 

Hunting with trained dogs and trapping are other methods of control 
which have been suggested. Damage by porcupines, although often 
spectacular, may be considered a minor source of injury, except where 
the animal is abundant. On restricted areas close around the dens the 
forest may be badly deformed as a result of abnormally heavy feeding 
(Curtis 1941). These areas are a small fraction of the forest area. 

Curtis (1944) appraised the accumulated damage on areas in Maine 
with a population of 20 to 28 porcupines per square mile and found the 
loss to range from 11% to 36 cents per acre. This is considerably 
lower than reported in Colorado. 

RABBITS 

Rabbits cause injury by biting off buds, small branches, and stems, 
and gnawing the bark, often girdling the tree and causing its death. 
The damage is done by these animals during the winter months when 
other food is scarce and occurs ordinarily within 2 feet of the ground 
but above the duff. 

In examining seedlings and trees which have evidently been gnawed 
by animals it is often difficult for the practicing forester to determine 
just what animal caused the injury. Each animal leaves distinctive 
tooth marks (Pearce 1947) which tell the expert the identity of the 
animal. The tooth marks of rabbits lie horizontally across the stem of 
the tree. Tooth marks are broad and individually are about %2 inch 
wide. Porcupines seldom eat from the base of a tree. Their teeth ex- 
tend obliquely to the main axis of the branch, and the width of the cut 
by a tooth averages 0.10 inch. Red and gray squirrels eat the bark of 
maples and sometimes conifers. Their tooth marks are very narrow, 
about 0.01 inch wide, and occur in all directions. 
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Rabbits live principally on the bark and buds of woody vegetation 
during the winter. Rabbit damage is of rather spotty and local dis- 
tribution, being very severe on areas frequented by them and not being 
found at all on other areas fairly close by. Rabbits are likely to 
gather in the winter time in stream valleys and on southern and west- 
ern exposures where the herbaceous food is available until late in the 
season, and here, of course, the damage will be at a maximum. 

Seedlings and small trees are chiefly affected. Fast-growing shoots 
are attacked in preference to slow-growing specimens. Often young 
seedlings recently released by a weeding are selected because of their 
more rapid growth rate. The rabbit has a wide choice of tree species 
for food. In the Lake states (Anonymous 1936) aspens, willows, and 
birches are said to be preferred species for food, but in the last analysis 
the trees attacked arc those present on the areas where the rabbits are 
living at the time when food is scarce. 

The most severe damage occurs in those parts of the country where 
rabbits are most plentiful. In other words, just as with the larger 
animals like deer, excessive damage from rabbits takes place on areas 
where the rabbit population is abnormally high. Under normal condi- 
tions of stocking, the rabbit, though doing damage each year, would 
remain an unimportant injurious factor. They are sometimes so 
numerous and so destructive as to prevent reproduction locally. Over- 
population of rabbits has been found to occur in cycles, the rabbits 
being reduced tremendously in number by the inroads of disease after 
reaching their peak of abundance. 

Methods of controlling damage from rabbits must be sought largely 
through reduction of the rabbit population and attempting to keep it 
at reasonably low limits. All such methods as snaring, poisoning, 
trapping, and hunting should be used. As yet not enough of this work 
has been done systematically to give the satisfactory basis for predict- 
ing what may be expected from these measures. 

The snowshoe hare has become a serious source of injury to planta- 
tions in the Lake states. These attacks are cyclic on about a 10-year 
cycle. To reduce the amount of injury it will be advisable to plant 
cutover, brushy areas and those near swamps in the low part of the 
hare cycle. During high portions of the cycle open, brush-free areas 
of several acres in size should be selected for planting (Aldous and 
Aldous 1944). 

Repellent sprays applied to seedlings in the nursery or to the stock 
after planting are likely to delay injury temporarily but probably will 
not be effective after new growth develops. 
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Fencing would give excellent protection against rabbits but is too 
expensive for general use. Shirley (1941) estimates the cost of a 5-foot 
fence made of poultry netting using both 1-inch and 2-inch netting, 
with the lower 4 inches buried in a trench, at $400 to $500 per mile. It 
requires annual maintenance. 

Hosley and others (1931) believe that the shooting of rabbits under 
the present game laws will suffice in New England to keep damage at 
an acceptable figure. Similar action in other parts of the country will 
not necessarily accomplish the same result. 

SQUIRRELS 

Squirrels eat seeds, fruits, and the buds of many trees. Buds are 
eaten either directly off the trees, both the side and terminal ones being 
destroyed, or from the small twigs which have first been cut off. Bark 
may be eaten and stripped off in quantities sufficient to girdle the tree 
stem. The Richardson red squirrel has been reported girdling young 
conifers, chiefly western larch and lodgepole pine in Idaho (Stillinger 
1944). 

Pike (1934) reports squirrels girdling the main stem 10 to 20 feet 
from the top on ponderosa pine trees 4 to 7 inches in diameter breast 
high. 

Halt (1929) in his study of the red squirrel lists a large number of 
tree species upon which the squirrels feed. The eating of seeds is most 
damaging to the forest since it directly affects the amount of reproduc- 
tion. The squirrels in many places are so numerous that they devour 
practically all the seed crop of certain species. The heavy-seeded trees 
such as the oaks and hickories are especially likely to suffer in this 
way. The consequence is that squirrels often exert an important in- 
fluence against the establishment of reproduction. Sometimes it seems 
impossible that any reproduction can start on account of the large 
number of squirrels in a given forest. The effect of squirrels upon 
reproduction is not entirely an injurious one, since oftentimes they 
store seeds in the duff which are overlooked and which later germinate 
and establish reproduction. Undoubtedly the distribution of some of 
the heavy-seeded species is helped by the practice of the squirrels in 
taking the seeds from these trees and carrying them some distance be- 
fore hiding them in the ground. 

Seeds may be eaten immediately or they may be stored and even 
carried over winter in storage. This storing of seeds by the squirrels is 
sometimes of benefit to seed collectors, particularly in parts of the 
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western states where the squirrels have the habit of making sufficiently 
large caches of conifer cones to make it worth while for the collectors 
to find them. 

Smith and Aldous (1947) list 28 species of squirrels and chipmunks 
as eating forest tree seeds. 

On the whole, the injurious influence of squirrels far outweighs any 
beneficial effects they may have in aiding reproduction. Hosley and 
others (1931) consider the squirrels particularly injurious to the conifer 
plantations made in New England. Such quantities of the buds are 
eaten that the trees may sometimes be deformed and at least have the 
growth rate lowered. Squirrel damage is quite local in its most severe 
phase, but the distribution of these animals is general and some injury 
can be found in almost every forest. 

The hunting of squirrels should be encouraged as a control measure, 
and with some of the species which are not edible trapping with bait is 
suggested as a practical means of reducing the numbers. 

Lynx and bobcats are considered enemies of the squirrel, and pos- 
sibly certain other predatory animals feed upon them. It is doubtful 
whether control against serious damage by this animal can be secured 
in settled sections of the country through dependence upon predatory 
animals. 


MICE AND OTHER SMALL RODENTS 

A common type of injury from mice and other small rodents is the 
destruction of tree seed. Sixteen species of small mammals, other than 
squirrels and chipmunks, are listed by Smith and Aldous (1947) as 
feeders upon tree seed. Feeding takes place throughout the forest, as 
well as in nursery seedbeds. Besides eating tree seeds, mice may cause 
serious injury to seedlings and young trees by gnawing the bark either 
above or below ground, often girdling them and causing death. The 
tops of seedlings may be bitten off. Perhaps the most common type of 
injury occurs right at the ground line under the forest litter where it is 
not noticed until after the next growing season when the brown foliage 
and dead branches indicate that the tree has been girdled. Injury of 
this type is caused by the mice during the winter time, particularly 
under deep snow when their food supply is scarce. 

Mice are most abundant in grass-covered areas with a sunny aspect. 
They appear to increase by cycles and to cause serious damage periodi- 
cally rather than each year. Sometimes the injuries to standing trees 
are sufficiently serious to cause the death of a large portion of the trees 
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in the stand. Eastern hemlock is a favorite with mice and should 
never be planted on grass-covered fields where mice are abundant. 

Littlefield, Schoonmaker, and Cook (1946) describe serious damage 
to conifer plantations by the field mouse. Scotch pine and Douglas-fir 
were highly favored by the mice. Norway spruce, white, red, and 
jack pines, northern white-cedar, balsam fir, and larches were slightly 
favored. White spruce was not attacked. 

Methods of control should rely to a considerable extent upon the 
natural enemies of mice. Predatory birds such as hawks and owls, 
and predatory mammals like foxes and weasels, if present in the right 
numbers will tend to prevent an excessive development of the mouse 
population. Where fields covered with heavy grass are to be planted, 
burning over the area just before planting will reduce or drive away 
the mice. 

In general, direct control in the forest is impracticable, but in 
nurseries intensive methods of combating mice are warranted and can 
be applied successfully. For this purpose poisoning is considered 
the most satisfactory. Poisoned bait should be kept out in nurseries 
through the greater part of the year. This bait, usually cereal grains 
poisoned with strychnine, should be placed in receptacles into which 
mice can enter, but not birds or larger animals. This intensive type of 
poisoning can be afforded in nurseries but not on cutover areas being 
regenerated. In some Douglas-fir stands in the Southwest mice have 
prevented the establishment of satisfactory reproduction. Krauch 
(1945) suggests that, when good seed years occur, cutover areas should 
be systematically poisoned with thallium sulphate applied to sunflower 
seed as bait. At the present time thallium sulphate apparently is the 
only satisfactory chemical for poisoning areas which are to be either 
naturally or artiflcially reproduced. 

Although mice have been looked upon as having only an injurious 
influence on the forest it is true that they may exert minor beneficial 
influence. Graham (1928) considers that mice render assistance in 
controlling the larch sawfly by opening the cocoons if they are located 
on better-drained sites. The tunneling constantly carried on by mice 
and other small rodents acts as a sort of cultivation thereby improving 
the tilth of the soil. 

Hamilton and Cook (1940) stress the beneficial influence of small 
mammals, in which classification they include mice, moles, shrews, 
chipmunks, and flying squirrels. In their opinion these animals are 
more effective than birds in controlling insects, because they are far 
more numerous and are active the year around. The additional bene- 
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fits conferred are loosening and mixing soil by their burrowing, helping 
to carry air and water below the surface, carrying leaves and other 
debris into the soil, and helping support the larger predatory animals. 

In the western United States pine squirrels, chipmunks, and a mouse 
have been seen eating the bark of white pines attacked by the blister 
rust disease (Mielke 1935). Probably other animals also eat this 
bark. The eating, which is for the purpose of getting the fungus and 
the starches formed in the bark, occurs during the late winter, and fre- 
quently it may result in a considerable reduction in the volume of 
spores, capable of infecting Rihes plants, which might be released by 
the diseased pine trees. 

Usually mice because of their abundance and almost universal dis- 
tribution consume more forest tree seed than the other small mammals 
grouped with them. Moore (1940) found this to be true in the Pacific 
Northwest. 

Small rodents other than mice affect the forest in a somewhat similar 
manner and can be included with mice. Although it might be possible 
to reduce populations of mice and small mammals by inoculating them 
with virulent diseases this would be too dangerous a method of control 
to use, since other animals and man would be found susceptible. 

BIRDS 

The beneficial influence of birds in destroying insects and small 
rodents far outweighs their injurious effects upon the forest (McAtee 
1926). Nevertheless, in several respects they are a source of damage 
to the forest. Birds feed upon the seeds of forest trees and bite off the 
tops of seedlings. A list of 37 species of birds eating forest tree seeds 
is given by Smith and Aldous (1947). Woodpeckers and sapsuckers 
peck holes in the trees. Birds occasionally injure the forest by roosting 
in the tree tops in such large numbers as to increase appreciably the 
nitrate nitrogen content of the soil. Such injury becomes of conse- 
quence only when the birds are gathered in flocks and have the habit of 
roosting each night in the same place for a considerable period of time. 
Where this happens the forest is injured in several ways. The trees 
may be killed by the effects of too high a concentration of mineral 
nutrients, particularly of nitrate nitrogen in the soil, or the mechanical 
effect of the roosting birds may prove injurious to the foliage of the 
trees. 

This is probably of greater importance to conifers than hardwoods. 
As a matter of fact, injuries so far reported from roosting birds have 
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been in plantations of conifers. Young (1936) reports starlings as re- 
sponsible for injuries of this type, and Stewart (1933) describes a case 
where a flock of blackbirds seriously injured a pine plantation. 

Cook and Littlefleld (1945) report grosbeaks feeding on the buds 
of conifers. These birds eat out the center of the bud, whereas red 
squirrels, to whom similar injury is sometimes attributed, bite off the 
twig cleanly just below the bud cluster. Grosbeaks also attack hard- 
wood buds. 

Among the beneficial effects of birds may be classed their feeding 
upon a wide variety of insect pests and also upon small rodents which 
are injurious to tree reproduction. Birds are an important agent in 
disseminating the seed of many tree species, particularly those with 
fleshy fruits. On burned-over lands, birds may play an important part 
in the natural reforestation of the area by bringing in seeds from out- 
side the burn (Adams 1923). Since birds have such important bene- 
ficial effects, it is often a question whether anything should be done to 
control their depredations. 

On the whole, birds should be protected and encouraged to increase 
in the forest rather than be reduced in numbers. In the forest the 
damage which they do can hardly be lessened without destroying the 
birds, and this, as already stated, is undesirable. The injury done to 
seeds and seedlings is most noticeable in nurseries. In such localities 
direct control can be undertaken without injury to the birds. The 
methods usually employed are protection of the seedbeds and seedlings 
in their young stage by a cover of wire netting. Seedlings are attra,ctive 
to birds principally during the stage when the seed coat is borne on top 
of the small plant. As soon as the leaves have cast off this seed coat, 
injury of this sort from birds is largely at an end. 

Stewart (1933) reports that roosting birds can be driven away by 
repeated shooting, and, where large flocks of birds are found to be 
nesting in valuable areas of forest, it should be practicable to use this 
method for driving them out. 
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CHAPTER 


Protection against Atmospheric Agencies 

GENERAL CONSIDERATIONS 

A variety of agencies affecting plant life are included in this chapter. 
They are largely the effect of natural phenomena such as heat, cold, 
precipitation, and wind. These natural factors exert both a beneficial 
and an injurious influence upon the life and growth of plants. Most 
atmospheric agencies when acting in normal manner are essential for 
tree growth. A plant must have water and a certain amount of heat 
for its growth, and, when these factors arc secured in the proper meas- 
ure, the plant grows most rapidly. When, however, one or more atmos- 
pheric agencies are either present in an abnormal amount or lacking in 
the desirable quantity or when they so operate as to affect trees in an 
unusual manner, the results upon tree growth and development may be 
injurious rather than beneficial. 

It is impossible to control or change the atmospheric agencies them- 
selves for climate is beyond the control of man. He cannot change the 
essential features of climate, which in a broad way expresses a sum- 
mation of those points which are usually included under the term at- 
mospheric agencies. Since the factors themselves which influence tree 
growth and development cannot be altered, the only recourse for the 
forester is to so manage his forest as to obtain the most favorable re- 
action of the atmospheric agencies upon its development. 

As a consequence of the wide range in values of a given atmospheric 
factor which may be experienced in a given place, a certain amount of 
loss from natural atmospheric factors should be anticipated as in- 
evitable in all forest crop production. The extent and character of such 
a loss can be modified and partly controlled by proper methods of 
management. Prevention in this case, then, is not so much the elimi- 
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nation of the occurrence of dangerous climatic influences as it is the 
developing of the forest into such a condition, and its maintenance in 
this condition, as will prevent or minimize the injurious effect of the 
climatic factors. 

Poisonous gases and smoke cast into the atmosphere are largely 
within the control of man and can be prevented by regulatory measures. 
They differ in this respect from the other atmospheric agencies here 
included. It might even be questioned whether they should be placed 
here along with such factors as precipitation and heat, since they are 
not directly a part of the natural climate. However, smoke and poison- 
ous gases in the air are certainly a part of the atmosphere, and, even 
though they are produced as a result of man's negligence, they should 
be classed and considered among the atmospheric agencies against 
which the forest needs protection. 

In addition to the direct effect upon the forest which atmospheric 
agencies exert they may have serious indirect effects through weaken- 
ing of the individual trees, and thereby encouraging the entrance of 
fungi and insects. 

Atmospheric factors include a number of independent subjects, each 
of which is discussed separately. Though this treatment is advisable 
in studying the subject, yet actually the atmospheric factors do not act 
independently of one another. They are intimately interrelated, and 
as the forester contends with them in practice he finds that their effect 
is a combined one in which the influence exerted by a given factor is 
oftentimes difficult to measure accurately. 

Trees which have been grown under conditions prevailing in a closed 
stand are more easily affected by atmospheric factors than trees which 
have been grown in a relatively open position. The latter have more 
symmetrical, deeper, and more luxuriant crowns which act as a shelter- 
ing cover to the tender parts of the stem and branches. Trees grown 
in an open position have been accustomed by long exposure to be re- 
sistant to atmospheric influences. The individual trees in a closed stand 
when opened up by the removal of several of their associates are ex- 
ceedingly vulnerable, as their crowns come only part way down the 
trunk — often less than one-quarter of the total height — and leave a 
long, slender, bare stem exposed to the atmospheric elements. 

Forest crops, of course, must be grown in closed stands, and it is 
desirable that the lower portion of the tree trunk should be free of 
branches. Granting these facts, it is evident that careful attention 
must be given to protecting forest-grown trees from injurious atmos- 
pheric agencies. 
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High Temperatures 

The classification of the atmospheric factors affecting forests in- 
juriously, as arranged for the purposes of this discussion, includes: 

Temperature so high as to injure plant tissues. 

Frost (temperature injuriously low). 

Drought or a shortage of water available for the tree. 

Water in excess of that required for the proper development of the 
tree. Under this heading are included such manifestations of an excess 
of water as floods, landslides, and erosion as far as such soil movement 
is occasioned by water; frozen water in the form of snow, ice, hail, 
and avalanches, the last being the movement of water in a mass of 
snow and ice. 

Wind in its various manifestations, among which are included drift- 
ing sands and erosion as far as caused by the wind movement of soil. 

Lightning. 

Poisonous gases and smoke in the atmosphere. 

HIGH TEMPERATURES 

High temperatures may result in the death of small seedlings and in 
injury to sensitive portions where tender bark is exposed in trees of all 
sizes. Fire furnishes a special example of overheating, but otherwise 
temperatures excessive for forest trees are produced by heat of the sun. 
Such injuries occur chiefly on the southern and southwestern sides of 
the tree. 

Excessive temperatures beyond the maximum suitable for a given 
tree are frequently encountered on open areas. Hence, the greatest ef- 
fect of excessive heat is felt by young reproduction. Different investi- 
gators have secured slightly different results as far as lethal tempera- 
tures are concerned. They all agree, however, in considering tempera- 
tures above 150° F. fatal to young plant tissues. As temperatures 
above 160° F. are frequently experienced at the surface of the ground 
and in the top soil layer, reproduction may be entirely prevented on 
such areas. 

Both Bates and Roeser (1924) and Baker (1929) show that the 
maximum air temperature may be the climatic factor preventing the 
survival of small seedlings and thereby making natural regeneration 
impossible. Excessive heat causes stem lesions close to the surface of 
the ground, where the temperatures are the highest, or sometimes in the 
top soil itself. 

Heat lesions on seedlings frequently have been mistaken for a similar 
type of injury caused by damping-off fungi. The two should not ordi- 
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narily be confused. Hartley (1918) shows that the damping-off fungi 
spread progressively upward and downward, whereas the heat lesion 
usually is definitely limited to one spot for some time, the upper stem 
and cotyledons remaining turgid. The heat lesions are often found only 
on one side of the stem, and this the southern side. Sometimes seedlings 
may recover from heat lesions. As seedlings advance in age, the bark 
becomes thicker and they are less exposed to the effects of excessive 
surface temperatures. Plants up to several years in age, however, may 
be injured, particularly if the stems stand at such an angle as to be 
perpendicular to the rays of the sun. 

Transplants either while growing in the nursery or after having 
been set in their field location may suffer death from excessive heat. 
Korstian and Fetherolf (1921) carried on experiments in Utah with 
Engelmann and Norway spruces and found a significant difference in 
the percentage of trees killed by excessive heat among transplants 
whose stems inclined toward the north as contrasted to those whose 
stems inclined toward the south. The tops of the trees shaded the 
stems inclined toward the south from the direct rays of the sun and 
hence the injury from excessive heat was small, whereas those inclined 
to the north had fully exposed stems nearly perpendicular to the rays 
of the sun and suffered heavy loss. 

Shirley (1936), working with white, Norway, and jack pines and 
white spruce in the Lake states, found recovery after heat injury to 
seedlings to be dependent upon their ability to send out epicormic 
branches from the stem, below the point of injury. White pine ex- 
ceeded the other species in ability to send out epicormic shoots. Jack 
and Norway pines were deficient in this respect. There was little dif- 
ference between species in ability to withstand heat. 

The injury known as sunscald is sometimes attributed to high tem- 
peratures. It is usually found among older trees in places where a 
dense stand has been opened on the south or southwest side and certain 
portions of the trunks of the trees which had previously been densely 
shaded are now left exposed directly to the sun. Where this situation 
occurs the cambium under areas of thin bark is likely to be killed. The 
areas of dead tissue may be confined to small spots or may extend in 
a continuous strip for several feet along the stem of the tree. 

This type of injury appears to be caused not by temperatures high 
enough to kill plant tissues but rather by the action of sun and low 
temperatures on bright cold winter days (Huberman 1943). The sun 
warms the plant tissues in late afternoon, and after sunset a rapid drop 
in temperature kills the plant tissues by freezing (see page 285). 
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Control Measures 

Injury from excessively high temperatures can be avoided in forest 
nurseries by furnishing the tender seedlings with the requisite amount 
of shade. Natural reproduction on areas being regenerated may need 
shelter the first year or two of its life. Frequently it will be practical 
to provide such shelter by making partial cuttings instead of removing 
all the old timber at one time. Where severe loss to young seedlings 
is anticipated from excessive temperatures on cutover areas, cuttings 
of the shelterwood or selection types may be needed. In some situa- 
tions it may be necessary in order to secure adequate natural regenera- 
tion to make the cuttings of a strip character, advancing in direction 
toward the sun. Reproduction would be expected on the sheltered side 
of the stand away from the sun. 

Among the most difficult situations upon which to establish natural 
reproduction are the south and southwest exposed edges of an old 
stand. Here the young seedlings not only must endure severe root 
competition from the neighboring old trees, but they also are exposed 
to excessively high temperatures at the ground surface along the edges 
of the old stand. Observation in many places will lend support to the 
statement that reproduction tends to be better on the northerly than on 
the southerly edges of an old exposed stand, owing primarily to higher 
temperatures on the southern edge. Clearcutting or even heavy partial 
cutting on the south side of stands being reproduced should be avoided, 
wherever the climate makes excessively high temperatures possible and 
the species grown is sensitive to this factor. Based upon a study made 
in Greece, Moulopoulos (1947) concludes that planting using coniferous 
stock not less than 0.15 meter (5.85 inches) tall and so planted as to 
shade the stem is the only method indicated for successful reforestation 
technique in hot and dry countries. 

Similarly, to prevent injury to the trees in older stands from sunscald, 
or bark-scorching, as it is often designated, exposure on the southern 
and western sides of trees and stands, which previously have been 
densely grown and are susceptible to the injury, should be avoided. 

On areas being artificially regenerated where high temperatures suffi- 
cient to kill the planted trees are expected, it may be best to plant the 
trees with their stems inclined toward the south and thus secure the 
benefit of the top in shading the stem. Planting the trees on the north- 
east side of logs, stumps, and rocks will serve to furnish some protec- 
tion from the sun and is likely to increase survival. 
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FEOST 

Trees may be injured in various ways or even killed outright by low 
temperatures. The injurious effects of low temperatures upon trees 
may be classified into four groups as follows: injury from late frosts 
in the spring, injury from early frosts in the fall, injury during the 
winter, and frost heaving. 

The most commonly noticed effect of low temperatures is the killing 
of new terminal and side shoots and tender foliage by the action of 
late spring frosts coming after growth has begun. Such injury may be 
quite local and restricted to small areas or frost pockets with poor air 
drainage or may be general over large areas. A striking example of 
the general type of injury, which damaged the beech throughout the 
eastern United States, took place in May 1936, as a result of a heavy 
frost. Foliage and new growth on beech trees of all sizes were killed. 
Small trees under older timber suffered as well as those standing in 
the open. 

New growth on many conifers is likely to be killed by late spring 
frosts whenever they occur. 

Late spring frosts cause serious interference with tree growth, since 
they catch the new leaves, twigs, and buds at a time when they are 
succulent, tender, and without the protecting woody tissues developed 
later in the season. Consequently all the new growth may be frozen 
and the tree forced to put out new foliage before it can go ahead with 
its growth for the season. Evidences of frost injury may be wilting 
followed by discoloration and dying back of the affected shoots and 
leaves. 

Frost injury often results, on both conifers and hardwoods, in a 
forking of the main stem when the terminal is killed and more than 
one lateral survives. This type of injury is particularly serious in 
plantations not yet closed. Crooks are produced when a terminal is 
killed or a frost canker is made on the stem. Sometimes frost injury 
results in partial defoliation. 

Frost may be responsible for changing forest composition in some 
places, particularly in transition zones between forest regions. Mesav- 
age (1939) reports in northern New Jersey serious injuries by a late 
spring frost to oaks, locust, sycamore, yellowpoplar, and hickory — all 
species of the central hardwood forest — while black cherry, sugar 
maple, bigtooth aspen, yellow birch, American elm, basswood, and 
beech — ^northern forest species — ^were not affected. 
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Frosts coming early in the fall, before the current season’s growth 
has become sufficiently lignified to withstand cold, cause injury similar 
to that resulting from late spring frosts. The damage is not so serious 
since the foliage and shoots are less succulent and more woody. The 
result is mainly a loss of a portion of the growth which took place 
during the year. Injury from early fall frosts is experienced most fre- 
quently by young plants which for some reason have continued vigor- 
ous growth abnormally late in the season. Stump sprouts and nursery 
stock too liberally fertilized suffer especially from early fall frosts. 

Plant tissues endure without injury much lower temperatures dur- 
ing the dormant period than they are able to withstand in the growing 
season, yet they may be injured by periods of extreme winter cold. 
A type of frost injury, termed ^^winter killing” or “red belt,” is the 
result of thawing during the cold winter season which induces transpi- 
ration of water from the foliage. Since the trees cannot at this season 
replace the water transpired wdth a supply drawn from the frozen 
ground, they suffer from drought. Such injury occurs only to conifers. 
Hardwoods not bearing foliage during the winter are not subject to 
injury of this type. Low temperatures in themselves are evidently 
not entirely to blame for injury caused by winter killing, as other 
climatic factors are involved. Sunscald, described on page 282, is now 
considered a winter injury and attributed to the rapid freezing of cam- 
bial tissues which have first been warmed by the late afternoon sun. 

Roots of small trees may be killed by freezing in the winter, espe- 
cially when growing in wet soils. 

Another effect of winter cold usually seen every year is the produc- 
tion of frost cracks. This injury results from freezing of the stem in 
which tension is set up causing splitting in a vertical plane from the 
bark toward the pith. These frost cracks are likely to open year after 
year. Wind may be partly responsible for the continued existence and 
enlargement of frost cracks, particularly on dominant trees with ex- 
posed crowns. A callus growth is stimulated on the two outer edges 
of the forest crack, and in the effort to heal over the crack a protuber- 
ant ridge is produced running vertically up and down the tree. This 
ridge is plainly seen from the outside and usually starts at or near the 
ground, often in the hollow between two large roots, and extends up- 
w^ard for several feet. Sometimes frost shakes, or circular cracks, are 
produced. The result of either type of injury is to render the section 
of the trunk affected less valuable for lumber than it otherwise would 
have been. The extent of the damage depends on the skill of the 
sawyer in sawing the log. 
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Broadleafed species of trees, especially oak, elm, and ash, because 
of their wood structure, are more subject to frost cracks than the 
conifers. Large trees placed in a free position are considered more 
subject to frost cracks than those in a closed stand. Kienholz and 
Bidwell (1938) in a study made in Connecticut found scarlet oak, 
black ash, black oak, and red maple to be the species most frequently 
cracked. Most of the frost cracks were in the first 8-foot log, and more 
were on the sunny (south and west) sides of the trees than elsewhere, 
presumably because of the greater range there in temperature changes. 
The larger and dominant trees were more often cracked than smaller 
and lower-class trees. 

Frost heaving, another type of injury attributed to low tempera- 
tures, results in damage of a mechanical nature to the roots of young 
plants. In the process of frost heaving, ice crystals *form in the soil 
and raise both soil and plant, pulling the roots of the plants upward 
from unfrozen soil below or breaking the roots (Haasis 1923). When 
the soil thaws it falls back and leaves the plant roots partly exposed. 
When this alternate freezing and thawing of the soil is repeated nu- 
merous times, as may happen on exposed sites in many parts of the 
country, the plant ultimately is left lying on top of the soil and may 
be destroyed. Injury from frost heaving is particularly bad in regions 
where there is not an adequate covering of snow during the winter. 
Trees planted in the fall on bare soil are very susceptible to frost heav- 
ing, as their roots have not had time to develop a deep, firm anchorage. 
Shallow-rooted species are more easily heaved out than deep-rooted 
trees. Heavy and wet soils and sunny aspects, where alternate freez- 
ing and thawing is characteristic, are subject to frost heaving. 

Another effect of frost heaving which has been observed (Tryon 
1943) is girdling of small seedlings by the frozen soil. In the heaving 
process the frozen soil pushed up the stem may slide the bark and 
cambial tissue up the stem causing a girdle usually % to 1 inch above 
the soil surface. 

An indirect effect of low temperatures upon trees is the creation of 
wounds which may serve as points of entrance for fungi and insects. 
In some species this may prove a serious matter. 

Frost injury may occur in all regions where the air temperatures go 
below the freezing point of water (32® F.). Within a given forest area 
there are likely to be small areas, termed frost pockets, of depressed 
topography, such as the potholes in glaciated country, where the cold 
air settles with a consequent large amount of frost injury. These frost 
pockets if cleared of their forest cover are difficult to restock. Frost 
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pockets sometimes may be created artificially by unskillful treatment 
in reproducing a mature stand. The trees on valley bottoms and lower 
slopes are more likely to be injured by low temperatures than those on 
upper slopes and ridges. Oftentimes small differences in topography 
result in widely divergent amounts of frost injury. 

The net result of frost injuries as far as forest crop production is 
concerned is a decrease in growth rate and a weakened condition of 
those trees that are not killed outright. Species indigenous to a rela- 
tively warm region, when introduced into a colder climate, suffer 
severely from low temperatures. 

Control Measures 

Injury from low temperatures is difficult to avoid or even effectively 
minimize except by intensive and skillful management of the forest 
over a long period of time. Even then a large proportion of the dam- 
age cannot be prevented. Since frost, at least those types of frost in- 
jury that are sometimes susceptible of control, affects young plants 
principally, it follows that the efforts of the forester as concerns frost 
control should be directed toward safeguarding reproduction. 

Nothing can be done to prevent losses from the exceptional periods 
of winter cold, but sensitive species which need shelter in early youth 
can often be protected against late spring and early fall frosts and 
against frost heaving. Fortunately not all the commercial species in 
the United States are sufficiently sensitive to frost to require protection. 

Where natural regeneration is relied upon, the only feasible control 
against early and late frosts is to apply a partial-cutting method rather 
than clearcutting in removing the old timber. The shelter of the old 
timber oftentimes will protect the young seedlings. That this is not 
always true was shown throughout northeastern United States by the 
frosts of May 1936, which proved disastrous to beech reproduction 
under old timber, even when no cutting had taken place, as well as in 
the open. Special care should be taken in frost pockets or in low-lying 
level country subject to frosts not to expose reproduction until it is 
3 to 6 feet in height, after which time it should be fairly well above 
the worst frost line. A frost pocket once cleared of timber is difficult 
to restock. A strip-shelterwood system advancing toward the south 
or southeast gives reproduction the most thorough protection against 
frost. 

Where artificial regeneration is employed better protection is pos- 
sible. In the first place, nurseries should be established only on sites 
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relatively free from frost injury. Hardy species and races of these 
species which begin growth late in the season should be chosen for 
reforestation on sites subject to frost. A race which starts growth 
late in the season will usually avoid injury in late spring frosts. 

Seedlings in the nursery can be protected by covering during the 
winter with a variety of materials such as leaves, straw, or burlap and 
if necessary during the early spring with lath screens and burlap. 
Where planting is done in frost pockets, strong transplant stock as 
tall as can be economically handled should be used to get the plants 
above the frost line as soon as possible. 

Where the danger from frost is great and the species wanted on the 
site is frost sensitive, it may be necessary to plant first a crop of fast- 
growing frost-hardy trees and later establish beneath this nurse crop 
the species wanted in the final stand. This is too expensive a method 
for general use. 

Injury from frost heaving can be lessened by keeping all sites sub- 
ject to heaving completely stocked with the densest possible soil cover. 
In planting dangerous sites, methods which do not leave the bare soil 
exposed should be employed. Planting should not be done in the fall, 
and only deep-rooted species and large-sized planting stock should be 
used. Sometimes drainage of wet soils may be worth while, both to 
lessen the frost heaving and to improve the rate of growth. 

Practical methods of securing protection against the formation of 
frost cracks are as yet unknown. It may be that maintaining a good 
understory close around the best trees will lessen the damage from 
this source of injury. 

DROUGHT 

Drought may be defined as a deficiency of soil moisture. A shortage 
in the normal precipitation, particularly at the time of year during 
which plants are growing rapidly and consequently require the most 
water, is the primary cause of drought. Danger from drought is made 
more acute by atmospheric conditions such as clear days, high tem- 
peratures, low relative humidities, and strong winds, all of which stimu- 
late a high rate of evaporation, thereby rapidly reducing the already 
scanty supply of soil moisture. 

In nearly all regions the annual precipitation is subject to consider- 
able fluctuation. Occasionally a year of abnormally low precipitation 
occurs, resulting in a serious deficiency of soil moisture. Where the 
precipitation falls to half or less of the normal, dangerous drought con- 
ditions are created, especially if the deficit comes in the growing season. 
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From the standpoint of damage to trees the fluctuation in total 
annual precipitation is less important than shortage of precipitation 
during the growing season. The distribution over parts of the grow- 
ing season may have pronounced effect. 

For example, in the Lake states (Anonymous 1935) a wet spring 
in 1933 was followed by a warm, early summer. As a result trees pro- 
duced long succulent shoots and had no chance to develop resistance to 
drought. Then followed a July- August precipitation lowest on record 
with disastrous results to young trees. The following year, spring was 
drier than normal and consequently trees had short shoots. Although 
the total precipitation was less, no monthly total was as low as during 
1933 and the result was better survival. 

Lack of sufficient water to provide for the needs of the forest results 
in extensive injury. The extent of the damage ranges from a slight 
diminution in growth to the death of the tree. Stickel (1933) in study- 
ing damage from the 1930 drought in Connecticut recognized three 
types of injury. The first was injury and killing of ground cover and 
reproduction. These plants, being rooted in the upper soil layers, are 
affected first and most severely. As the drought increases in duration 
and intensity, the main stand itself with roots extending below the 
upper soil layers suffers injury, and trees even of large size are killed 
outright. A third type of drought injury is reduction in the growth 
rate, not only of trees having branches killed by drought but also of 
trees showing no external injury. Stickel (1933) found growth after 
the 1930 drought reduced approximately one-third. 

Wilting is one characteristic sign of injury by drought exhibited by 
foliage and tender stems, although of course not all wilting is caused 
by drought. Yellowing of the foliage and premature shedding of leaves 
may be other symptoms of drought. In later stages particularly where 
the reproduction and lesser vegetation have been killed, a drought- 
affected stand often has the appearance of a burned-over area. 

Sometimes entire groups of larger trees are killed by drought, but 
usually some individuals arc killed while others close by, apparently 
growing under similar conditions, remain alive. Presumably restric- 
tions of the root system due to underlying rock result in different soil 
moisture supplies (Hursh and Haasis 1931). Where precipitation is 
abundant and well distributed throughout the growing season, injury 
from drought, though it may affect some of the weakest plants because 
of the competition of the stronger individuals, is of no practical sig- 
nificance. The greatest losses from drought come when prolonged and 
severe shortages in the normal precipitation take place. 
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Spaulding (1946) reports as not unusual the dying of beech in the 
northern forest from a combination of summer drought and excessive 
winter cold. In Pennsylvania forests, chestnut, red, and white oaks 
are relatively drought-resistant trees, while scarlet and black oaks are 
much less resistant. Conifers, particularly eastern hemlock, are less 
resistant than the hardier oaks (McIntyre and Schnur 1936). 

The amount and distribution of the precipitation are the major fac- 
tors in determining the character of the forest. The tendency is for 
the stand to be as densely stocked as the water supply allows. Any 
pronounced decrease in the supply of water for a specific forest will be 
reflected in drought injury to the trees, particularly on thin soils and 
in regions where the normal precipitation is itself near the minimum 
for support of a forest. When a drought occurs, the forest on such 
areas may be killed outright, especially if composed of large old trees. 

The most serious losses from lack of water result from subnormal 
precipitation in the growing season, but another manifestation of water 
deficiency is the reddish discoloration of foliage of conifers in late 
winter and early spring, often spoken of as winter killing or red belt 
and already mentioned as an effect of low temperatures. This injury 
results from transpiration by the trees during unusual thawing periods 
in the winter when the ground and trunk of the tree are frozen. Water 
to replace that transpired cannot be secured, and the foliage and twigs 
are injured or killed. The injury may be severe enough to kill the 
tree, or only a decrease in growth may result. Only species that re- 
tain their foliage during the winter are affected. 

The indirect effects of drought are important. In addition to reduc- 
ing growth, which has already been mentioned, drought has a weak- 
ening effect on the vitality of trees, making them more easily attacked 
by fungi and insects. The wounds created by the killing of parts of 
the trees offer convenient means of entry to these pests. Drought is 
frequently the underlying cause for damage by other injurious agencies. 
Hawboldt (1947) considers drought conditions extended over a 25- 
year period an important factor in the present alarming mortality of 
yellow birch in Nova Scotia. Secrest, MacAloney, and Lorenz (1941) 
attribute the heavy mortality in hemlock on the Menominee Indian 
Reservation in Wisconsin to drought as the primary cause, with the 
shoestring root rot as a secondary cause along with the eastern hemlock 
borer abundant only in dying trees. The evidence proved that the 
borer could not successfully attack healthy trees and succeeded only 
in trees with less than 60 per cent of their main lateral roots alive. 
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Control Measures 

Drought injury cannot be prevented, but the extent of the damage 
can sometimes be minimized by proper methods of management. 
Effort should be made to put the forest into such condition that it can 
endure without serious loss the occasional seasons of deficient moisture. 
The principle that should be followed is to maintain a more open forest 
than nature would provide on areas where drought injury is feared. 

Thinnings should be employed systematically, and a few vigorous 
stems with room for good crown expansion should be grown, instead 
of a large number of relatively weak competing trees. Observation 
has shown that less loss is experienced in thinned than in similar un- 
thinned stands. Caution is needed not to make the thinnings so heavy 
that wind movement and consequently evaporation are seriously in- 
creased. 

When stands are reproduced in regions of low precipitation, partial 
cuttings may assist in protecting reproduction from moisture defi- 
ciency. Shirley (1934) advances this idea for the pine forests of Min- 
nesota. Here, the remaining portion of the old stand by shading the 
reproduction retards transpiration and hence conserves soil moisture 
in a region of low rainfall where evaporation losses are serious. The 
same idea may be applied in artificial regeneration, on sites especially 
subject to drought, by planting the trees in spots like the north side 
of a stump or log or under a light cover, where they will be shaded and 
somewhat protected from excessive transpiration. 

The rotation for forest crops on dry shallow soils, to avoid heavy 
loss from drought, should be relatively short, and drought-resistant 
species should be favored in managing the crop. 

WATER IN EXCESS 

Under this subject is included the injurious influence which water in 
excessive quantities exerts on the forest. The influence of water on 
the forest is beneficial when present in proper amount. Water is an 
indispensable element for tree growth and is one of the most impor- 
tant factors in detennining the productiveness of the forest site. The 
harmful effects of water come entirely through an abnormal supply: 
either there is a deficiency, when injury to the forest results from lack 
of water (this effect is tended drought and has been covered in a pre- 
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vious section) , or there is an excessive amount of water, which is the 
condition here discussed. 

For the purpose at hand, injury from excessive supplies of water 
will be considered under the following headings: 

Violent rainfall. 

Floods. 

Erosion (so far as caused by water). 

Landslides. 

Frozen water in the form of snow, ice or sleet, and avalanches. 

Violent Rainfall 

Nature provides precipitation at irregular intervals and frequently 
supplies it for short periods of time in the form of heavy downpours. 
Violent rainfall in the act of falling may tear or strip off the tender 
foliage of trees. However, precipitation itself is rarely so violent as 
to cause serious mechanical injury of this type. Usually injury from 
violent precipitation is caused not by the falling of rain alone but by 
the action of wind, which is primarily responsible for the injury. 
Damage from wind is discussed on page 309. 

Floods 

The greatest damage to the forest from water in an excessive supply 
occurs after the water reaches the ground and is made possible by fac- 
tors which allow and encourage its collection in a large volume. Water 
so collected is designated as a flood. Not every violent rainstorm 
necessarily results in a flood. Topography and geological structure are 
important factors in governing the possibility of floods. The forest 
floor and soil may be so porous as to absorb all the precipitation as it 
reaches the ground, thus preventing abnormal surface runoff which is 
the necessary forerunner of a flood. 

Storms of exceptional length, a series of less severe storms, or a 
single cloudburst, may overtax even a dense forest, with the most 
efficient litter and soil for hastening percolation, so that abundant sur- 
face runoff occurs and a flood results. This was the situation in the 
Vermont flood of 1927. Unfortunately, a large share of the precipita- 
tion in most forest regions falls on land put to other uses than growing 
trees, or upon forest areas not fully effective as storers of water, and 
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consequently heavy surface runoff is the rule, and floods of greater or 
less volume are of frequent occurrence. 

So far as the forest itself is concerned, the damage from floods which 
originate within forested areas is not of serious injury to these forests 
unless they have been badly managed. The principal flood damage 
to timberlands occurs in forests lying not on the headwaters of streams 
but on areas farther downstream and especially on watersheds which 
are to an appreciable extent nonforested on portions of their upstream 
areas. Ordinarily a flood to cause severe injury to the forest must 
arise on the watershed above the forest injured and then sweep down 
through that forest. 

Flood damage to the forest is of varied character. Where the move- 
ment of water is violent young plants may be destroyed, trees may 
be torn out by their roots or broken off, and they may be wounded 
by the impact of ice, stones, and other materials borne along by the 
flood waters. The soil in which the trees grow may be washed away, 
or conversely, in lowlands where the movement of the water is slow, 
deposits of soil, rock, and debris of various kinds may be spread over 
the forest floor. Where such deposits are thin and made up of fertile 
soil of fine texture this effect of the flood may be beneficial. Where 
coarse material is deposited and the layers are deep, the effect is dis- 
tinctly harmful. 

One of the most characteristic and most disastrous effects of floods 
is the erosion of soil. Indeed, it is practically impossible to separate 
the effect of floods and of erosion. The erosion caused by floods may 
entirely destroy a forest by carrying away the soil in which the trees 
anchor their roots and from which their supply of food is obtained. 

Another type of flood injury occurs on low-lying level lands where 
flood water ultimately collects and stands for appreciable periods of 
time at depths covering the root systems of trees. Where the trees are 
permanently flooded they are finally killed (Green 1947). 

Swamp lands, as the name implies, are areas which have poor facili- 
ties for shedding water and which consequently have an excess of water 
either permanently or throughout an important part of the year. 
Floods add to the amount of water standing in swamps and thereby 
increase the damage suffered by swamp forests. Swamp forests are 
hindered in growth oftentimes to such an extent that only a stunted 
forest can be grown. The trees are relatively unhealthy and are con- 
stantly exposed to danger from windthrow, owing to the wetness of 
the soil and the shallowness of the soil layer in which they can develop 
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a root system. Tree roots are most abundant in the zone of soil lying 
above the level at which water stands during the growing season. 

Erosion 

Erosion is a natural process which has been in operation throughout 
the past and will continue to operate in the future. The wearing down 
of land masses by the action of water cannot be prevented. Erosion 
may be either normal or abnormal. Normal erosion is a gradual wear- 
ing away of land surfaces, which, although continually in progress, 
does not seriously affect the use of the land and its productive value 
until the vegetative cover is broken. Abnormal erosion is an acceler- 
ated type which erodes the land surface so fast as to destroy the pro- 
ductive capacity of the soil. It may occur cither in the form of sheet 
or gully erosion. In sheet erosion, thin layers of the top soil are washed 
away, this process being repeated with each storm until eventually all 
the fertile soil is removed and the unproductive subsoil is exposed. 
Sheet erosion, because the general contour of the surface remains un- 
changed, is frequently overlooked until the land is well on its way to 
destruction. 

Gully erosion, more spectacular than sheet erosion, cuts gullies into 
the land surface and is evident as soon as it starts. Once under way 
this type of erosion eats into the land with startling rapidity. 

Erosion not only injures the land from which the material is removed 
but also may destroy the value of lower-lying lands by depositing 
upon them the eroded material. Such deposits are harmful when the 
material is of coarse texture and sterile nature, but when silt and other 
fertile soil material is laid down the lands covered may be benefited, 
as in many river bottoms. However, the occasional beneficial effects 
of erosion are more than counterbalanced by the injury to the lands 
from which the eroded material came. 

Erosion varies greatly in character in different parts of the country. 
The geological formation, particularly the gradient of the land uplift, 
is a factor influencing erosion. Precipitation itself is a primary factor 
since water, along with gravity, furnishes the motive power for moving 
the soil. Severe erosion may occur in relatively level regions which 
have heavy precipitation and easily eroded soils. 

Soil formation and texture are important factors in determining the 
extent and amount of erosion. Heavy clays are resistant to erosion, 
owing to the strong cohesion between soil particles. Coarse sands and 
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gravel are relatively resistant because of the speed with which water 
percolates through such material. The soils most susceptible to ero- 
sion stand midway between these extremes and are of a loamy or silty 
type. These are generally the most fertile soils. 

Abnormal erosion cannot start in a properly managed forest. It 
may start in an altitudinal zone above the forest, or in exposed spots 
within the forest zone such as openings bare of vegetation and road 
cuts, or it may start below the forest and work back into it. Although 
erosion does not start in the well-managed forest, yet there are many 
ways in which it may start in the forest provided the management is 
not perfect. Such factors as fire, lumbering, the grazing of livestock, 
poisonous gases which kill vegetation, agricultural use, rights-of-way 
for highways, railroad, and other transportation lines, all furnish op- 
portunities for erosion starting within or close to the forest. From 
these starting points, injury to adjoining pieces of well-managed forest 
may result. It is erosion accelerated beyond the normal rate by such 
artificial factors as those just named which is responsible for the 
serious phases of the erosion problem. 

Landslides 

Landslides are a special form of erosion. They are mass movements 
of soil sliding as a unit rather than the movement of soil as individual 
particles in a stream or sheet of water. Landslides are caused by 
masses of soil becoming filled with water or water-logged. If such por- 
tions of soil are located on level land, the excess water simply turns 
the area into a swamp and no landslide results. Where the soil on 
slopes becomes filled with water, the entire saturated body of soil may 
slip down to a lower level. Landslides are particularly likely to occur 
where some stratum either of impermeable soil or rock lies parallel to 
the slope and prevents the deeper entrance of water into the ground. 
It is easy for the soil above such a stratum to slide downward when 
it becomes saturated with water. Not only the soil but the forest along 
with it is carried down, leaving a bare exposed slope. 

The forest in the path of a landslide is destroyed. Either the trees 
slide with the mass of soil or if the roots are anchored in firmer un- 
saturated strata the landslide passes through and over the forest, 
smashing the trees and burying the ground under deposits of rock, soil, 
and debris. 

Injury from landslides may be expected in mountainous regions hav- 
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ing abundant rainfall. The area affected by a landslide ordinarily is 
a long narrow strip running from the top to the bottom of a steep 
slope. 

Frozen Water: Snow, Ice, or Sleet 

In cold climates a portion of the precipitation comes in the form of 
frozen water, or freezes after it reaches the trees or ground. Under 
certain circumstances this frozen precipitation may cause serious dam- 
age to the forest, through crushing, bending, or breakage of the trees. 
The injury results primarily from the weight of the frozen precipita- 
tion upon the trees and their movement by the wind when rendered 
stiff and brittle by the ice. 

Snow has a beneficial influence in that it covers the ground like a 
blanket and prevents deep freezing of the soil as well as the heaving 
of small plants which often occurs on exposed soil. The snow blanket 
also assists in lessening injury to reproduction at the time of logging. 
Since the blanket of snow retards or prevents freezing of the soil, it 
facilitates the percolation of water into the soil. Indeed, as the snow 
melts on top of the ground, the snow-water may enter the unfrozen soil. 
On the whole, the beneficial influence of snow outweighs the damage 
caused. 

Snow is particularly injurious under circumstances which cause it 
to fall in a moist, sticky condition so that it is caught in a large pro- 
portion upon the trees. A snowstorm of dry, finely divided particles 
sifts down through the trees and little is retained on them. The great- 
est likelihood that a large part of the snowfall will be held on the trees 
is found in dense stands of conifers where all the crowns are approxi- 
mately the same height and the branches interlace strongly. Under 
such circumstances a fall of snow on a calm day may be retained almost 
in its entirety upon this flat crown of foliage. Should the snow be 
somewhat wet as it first falls and the temperature drop enough so that 
the light cover of snow on the tree tops freezes to the branches and 
foliage, then an exceptionally strong support may be created to hold 
up the succeeding snowfall. Thus a heavy sheet of wet, partly frozen 
snow may be laid upon the trees. 

The usual damage which results from snow, ice, and sleet is classified 
either as snowbreak or snow-crushing. In snowbreak the stems of 
single trees are snapped off and branches are broken. Such injury 
occurs principally with ice and sleet. 

In climates where winter rainstorms turn into hail and sleet, and 
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freeze on the tree, all parts of the foliage, branches, and trunk may 
become coated with a film of ice. After such a glaze storm, if the 
weather is calm, the coating of ice may melt and serious breakage be 
avoided. Should the storm be accompanied or followed by a strong 
wind before melting can take place, disastrous breakage of the heavily 
weighted and rigid, frozen branches and tree trunks results. 

On the whole, climatic conditions in the eastern United States from 
the southern Appalachians northward lead to greater injuries from this 
source than elsewhere in the United States. Abell (1934) describes 
this type of injury in the southern Appalachians and states that it may 
be expected to occur periodically. Similar damage occurs in other 
parts of the country, and conifer types are often injured. McCulloch 
(1943) reports the results of an ice storm in second growth Douglas-fir. 
The wounds caused by breakage afford opportunity for the entrance 
of fungi (Campbell 1937). A minor form of ice injury is that caused 
by hail which mechanically wounds tender twigs and makes holes in 
the foliage. Lutz (1936) calls attention to another minor type of glaze 
injury. The ice coating frozen on small stems may cause horizontal 
lesions in the bark when the stiffened stem is bent by the wind, causing 
cracks in the ice coating and in the bark underneath. No serious conse- 
quences have been noted. 

Snow-crushing is caused primarily by the weight of the snow and is 
exhibited in the bending of single trees, sometimes down to the ground, 
and in the distortion of their crowns in slighter injuries. Trees that 
have been bent by snow but continue to grow develop crooks in the 
main stem which may ruin them for lumber because of the crook itself 
and because compression wood is developed. Under the most severe 
conditions entire groups in the stand may be bent out of an upright 
position and sometimes crushed to the ground by the weight of snow. 
The bending of the stems is likely to result in loosening or breaking 
some of the roots. 

Severe snow-crushing occurs most frequently in young stands. 
Dense stands of tall, slender saplings are fully as susceptible to snow 
injury as patches of reproduction. Snowbreak is most common with 
species having weak branches. Conifers suffer more from snow- 
crushing and snowbreak than hardwoods do, because their foliage is 
present during the snow season and there is consequently more surface 
upon which the snow may stick. 

As information in a forest region builds up with the passage of time, 
it probably will be found that there are certain spots or zones where 
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climatic conditions are favorable for creating the special conditions 
likely to lead to extensive snow and ice injury. Other parts of the 
same forest may be almost exempt from it. Calm weather when the 
snow is falling is an essential for serious snow-crushing, since, when 
the wind blows, the falling snow, even though wet, is carried in larger 
part through the trees to the ground. 

Since wind is a factor in preventing overloads of snow on the trees, 
it follows that the sites most protected from wind are likely to be those 
that suffer most from snow. Damage from snow-crushing does not 
necessarily develop immediately after the snowfall. In fact, the snow 
may lie on the trees for some time before the injury takes place. Ulti- 
mately the dead weight itself or the increase of this weight, by more 
snow or added water content or movement of the trees by wind, results 
in crushing the trees. The distribution of the weight on the tree also 
is of importance. If the tree is symmetrical and the load of snow well 
distributed, loss may not be suffered, whereas an unsymmetrical tree 
or one loaded too heavily on one side may be bent by the same weight 
of snow. 

Curtis (1936) working in conifer plantations found that injury from 
snow affected trees with one-sided crowns more seriously than those 
of symmetrical form. Arrangement in small age groups is particularly 
hazardous when snow damage is expected, since the larger trees in the 
older age groups may shed their load of snow down upon the groups of 
younger trees, crushing them. A sparsely stocked stand of symmetrical 
trees appears to be the safest from snow-crushing. 

Avalanches. An avalanche is the mass movement of a body of snow 
motivated by gravity. When large bodies of snow are involved and 
the distance traveled by the avalanche is considerable, as down a long 
slope, serious injury is done to obstacles like a forest stand which may 
be located in its path. 

Avalanches when once started may break down and thus destroy 
the forest through which they pass. They do not start within the 
properly managed forest but originate above timberline and on cutover 
or burned areas. 

Injury from avalanches is a possibility over only a small fraction 
of the forest area which is so situated, on steep mountain slopes, in 
regions of heavy snowfall and usually adjacent to timberline, as to be 
threatened by sliding masses of snow from the open lands at higher 
elevations. 
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Injury by Floods, Erosion, Landslides, and Avalanches to Lands 

Outside the Forest 

It has already been stated that the forest may be seriously injured 
and portions even be destroyed by any of these agencies. Hence the 
forest should be protected against them as far as practicable. On the 
other hand, the forest itself has an important part to play in furnishing 
protection against these agencies to lands and property lying without 
the forest boundaries, sometimes adjacent thereto and sometimes far 
distant. 

The worst effects of floods, erosion, landslides, and avalanches are 
felt outside the forest, either at elevations below the forest zone or on 
lands which were at one time forested but are now cleared. The agri- 
cultural lands and those used for other purposes outside the forest 
presumably are of greater value than the forest lands. Consequently 
protection against the effects of water to these lands may be more im- 
portant than the protection of the forest itself. 

The control of floods, erosion, landslides, and avalanches on agri- 
cultural, grazing, and other types of open land outside the forest is a 
conservation problem of primary importance but strictly speaking is 
only indirectly a forest protection problem. Although the forest can- 
not furnish complete protection from the effects of water to lands out- 
side, yet when properly managed it becomes a most influential agency 
for this purpose. Adequate forest cover on the headwaters, upper 
slopes, and at critical points on the land of more gentle topography 
will appreciably lessen the injury which may be caused to areas out- 
side the forest through excessive concentration and movement of water. 
The two important factors responsible for floods and soil movement 
are abnormally high precipitation and unsatisfactory condition of the 
land area upon which this precipitation falls. The extent and duration 
of the precipitation cannot be changed, but it is possible to maintain 
such a good forest cover that the effects, on lands outside the forest, of 
floods, erosion, landslides, and avalanches are minimized. 

Lands ruined for agricultural purposes by these natural phenomena 
can best be made productive again by establishing a forest cover. 
Hence the forester will often be called upon to reforest lands badly 
eroded or covered with infertile deposits of rock and soil. 

The large subject, covering methods of reclaiming and reforesting 
areas of this kind, belongs partly under artificial reforestation and 
partly under forest protection. It is, in the first place, essentially a 
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technique of reestablishing a forest on lands originally forested. The 
work is made difficult because of the deteriorated condition of the soil 
under past abuses and because of the possible continuing action of 
water and soil movement during the early stages of the reforestation 
program. 

As soon as the plantation is set out, its preservation lies within the 
field of forest protection and usually presents a difficult problem for 
the forester. Indeed, it is on the lands already injured by the abnor- 
mal movement of water and soil that the greatest need for protecting 
the forest against floods, erosion, landslides, and avalanches exists. 

Methods of Controlling Damage from Water in Excess 

In considering methods of control, it must be recognized that occa- 
sional violent downpours, either cloudbursts or long periods of heavy 
rain, are to be expected, and the problem in control is how to take care 
of this excess precipitation without injury to the forest or to lands out- 
side the forest. 

Floods. The most effective method of controlling floods is by the 
use of engineering works designed for storage of as large volumes of 
water as there is reason to believe may be accumulated in single floods. 
The building of such storage reservoirs is justified only for the control 
of floods outside the forest. An exception to this statement does occur 
in mountainous regions where engineering works of a simple and in- 
expensive type above the forest zone may be justified in order to main- 
tain the protective value of the forest. 

The expense of storage reservoirs is very high, and in some parts of 
the country the topography is such that adequate reservoirs cannot be 
provided. Even where adequate storage is developed, the fact remains 
that the forest will be needed for protection to the reservoirs against 
their being rapidly filled with silt, as well as for direct protection to 
the lands outside the forest. Ashe (1926) has shown that where the 
life of a reservoir can be prolonged by reforesting the watershed, 
thereby preventing or lessening the deposits of silt in the reservoir, this 
should be done. 

The forest must be kept in the best condition to absorb water. This 
means that the forest floor should be as sponge-like as possible, not 
compacted, or swept bare of its undergrowth by fire or grazing. This 
will insure the largest possible amount of water absorption and water 
percolation into the soil and at the same time will guarantee that what 
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surface runoff does occur, because of excessive amounts of water falling 
in a short time, will not cause erosion (Meginnis 1932). 

To be of the greatest service in preventing floods, a forest must have 
plentiful forest litter and ground cover. The prevention of forest fires 
and either elimination or close regulation of grazing within forests and 
on open lands above the forest are essential for the maintenance of a 
forest litter and ground cover adequate to guarantee satisfactory ab- 
sorption of precipitation (Bailey, Forsling, and Becraft 1934) and pre- 
vention of rapid surface runoff. 

On nonforested slopes, even though protected from fire and grazing, 
in regions where the danger from floods is great, it may be necessary 
in order to prevent rapid surface runoff and erosion to build terrace- 
like trenches and check dams to hold the water long enough for it to 
sink into the soil (Bailey 1935). 

Where the surface runoff carries off soil, quantities of silt are brought 
down into the storage reservoirs and may fill them within a relatively 
short space of time. Even where the water is stored in underground 
reservoirs, namely, deep deposits of gravel and rock strata, as in South- 
ern California, the presence of silt in the water is likely to seal the top 
layers of these storage gravels and prevent adequate percolation of 
water into the underground storage basins (Cecil 1932). Keeping the 
water clear of silt is a stronger argument for retaining a forest cover 
on the watersheds of storage reservoirs than the argument that imme- 
diate surface runoff is lessened, although ordinarily this also results 
(Morris 1935). 

On forest lands periodically subject to floods, species capable of 
withstanding inundation should be grown. Pollarding which keeps the 
young shoots above the floods is a suitable method of treatment. The 
selection and coppice with standards systems, under both of which 
methods a part of the stand always remains on the area, are better 
suited than other reproduction methods for application on lands sub- 
ject to floods. 

Drainage, where it is practicable, will lessen damage from excessive 
water in swamps. Although this action will benefit the forest in the 
swamp, the territory downstream may be injured as a result. Natural 
swamps often make good storage reservoirs, and indeed the region 
which has a fairly high percentage of swampland may be immune from 
dangerous floods. Draining such swamps decreases the storage ca- 
pacity of the area for flood waters and tends to increase the height of 
floods lower down the valley. 
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Erosion. Erosion is best controlled by never allowing conditions 
favorable for its start to develop. Once started on a large scale, erosion 
is difficult and expensive to check, particularly on open lands. To re- 
claim badly eroded lands, the reestablishment of a forest cover ordi- 
narily is required. This may have to be obtained artificially. In the 
worst instances, as on the watersheds of the so-called “torrents^’ in the 
European Alps, engineering works such as dams and stone walls must 
first be employed to check the movement of the soil before reforestation 
can be attempted. In many instances in this country badly eroded, 
mismanaged agricultural lands must be afforested. If agricultural 
lands cannot by correct management be prevented from eroding they 
should be turned back permanently to forest land. 

The object is to prevent abnormal or accelerated erosion. The slow 
degradation of the land mass as a natural process will continue, but 
accelerated sheet erosion and all gully erosion should be prevented. 
The control of erosion is essentially similar to flood control as both 
hinge upon preventing rapid surface runoff. To accomplish this, the 
natural sod or herbaceous cover in the zone above the forest should 
be kept in good condition to absorb water and to prevent the erosion 
of soil when surface runoff does occur. Erosion above the forest must 
be controlled by conservative use of the land, particularly the preven- 
tion of fires and avoidance of overgrazing, supplemented by simple 
engineering works. 

The engineering works appropriate in the zone above the forest are 
check dams across streamways and incipient gullies, and narrow ter- 
races or trenches in which water may be held until it can be absorbed 
into the soil. 

In the forest itself the most effective control measure against erosion 
is to maintain a fully stocked forest with an adequate forest floor. This 
is done by preventing the occurrence of forest fires, eliminating graz- 
ing, and on critical sites avoiding heavy cuttings of timber that might 
be likely to tear up the forest floor and scar the ground, thereby en- 
couraging the start of erosion. 

Proper maintenance of roads and trails is helpful. Roads must be 
carefully laid out to shed water without erosion and be provided with 
appropriate facilities such as culverts and ditches, paved when neces- 
sary, to carry off the water. Cuts and fills are particularly likely to 
erode and must be kept in condition by sodding, by planting trees or 
other plants, by using correct angles of slope, and sometimes by crib- 
work or retaining walls. 

Kraebel (1936) shows that the relatively straight, low-grade roads 
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with wide curvature needed for modern fast automobile travel are out 
of place in mountainous regions subject to erosion, because such roads, 
on account of their immense cuts and fills, afford opportunities for the 
start of serious erosion. Mountain roads should be built with a mini- 
mum amount of cut and fill, with the use of retaining walls, cribbing, 
bridges, and tunnels if necessary, and with careful attention to drainage. 

Below the forest zone or on open lands originally forested, the con- 
trol of erosion is a separate problem in itself. Bare lands where erosion 
is starting or has already occurred can best be reclaimed by establish- 
ing a new forest. Sometimes immediate planting with suitable tree 
species will be successful, but frequently on seriously eroded areas 
some preliminary treatment is necessary before planting can be done. 
Trees, vines, creeping plants, and grasses may be used in planting 
eroded lands. Trees furnish the best permanent protection, but they 
cannot always be made to survive until other plants have become estab- 
lished and- have stopped the most rapid erosion. The forest, because 
of its height and density, is a better protective soil cover than herba- 
ceous plants or shrubs. The forest makes a heavier litter on the soil 
and over long periods of time is a better up-builder of the soil than 
the lesser vegetation. 

Where gully erosion is actively in progress, preparation of the gully 
before planting will ordinarily be necessary. The heads of actively 
eroding gullies arc the critical points which should be planted first be- 
fore more land is invaded and ruined by the gully. As described by 
Meginnis (1933) it is advisable to plow in the upper edges of the gully 
and catch the fertile topsoil, so distributed, on the slopes or behind wire 
or brush dams built across the gully. In this way the bad soil condi- 
tions of the eroded land are quickly improved and survival of the 
trees is made possible. In some of the worst gullies or on uplands 
deeply eroded to the subsoil, where a cover of top soil is not easily 
provided, it may be necessary to dig holes in the eroded ground large 
enough for the trees and fill the holes with top soil. Straw, grass, or 
some similar material should be used back of the dams to filter out 
and hold the silt. Dams should also slope from the ends of the dam 
toward the center of the gully to prevent water cutting around the ends 
of the dam. 

In the southern United States, 1-year-old seedling stock of black 
locust has been used largely in planting eroded lands. Shortleaf and 
loblolly pines, 1-year transplants, are also successful in the same region. 
Experience indicates that only the best grades of nursery stock should 
be employed for this difficult planting. The planting is relatively costly 
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and is justified not on the basis of the first forest crop that will be pro- 
duced on the land itself, but rather because this planting will stop 
further erosion on the area planted and its extension upstream, and it 
will prevent injury from deposits of debris on lands further down- 
stream. 

Engineering works are expensive and should be used in erosion con- 
trol only to the extent that they are indispensable to supplement the 
forest, or other plant cover where the forest cannot be grown, or tem- 
porarily while a vegetative cover is being established and developed 
to the point where it will itself prevent erosion. 

The simple engineering works common in erosion control may be 
classed as: 

1. Check dams of various types intended to check the velocity of the 
flowing water. They include brush dams, wire screen dams, wooden 
dams of logs or planks, crib dams, and loose rock, masonry, and con- 
crete dams. Brush dams may last only 2 to 5 years and are intended 
to improve the site for the start of vegetation (Meginnis 1938) . 

2. Paving of various types. The principle is to place and maintain 
a layer of not easily eroded material over critical areas subject to 
erosion. It is used mostly in streamways and gullies between check 
dams, or in gullies where there are no check dams. The paving may be 
made either of brush, staked and wired down, or of loose rock tamped 
down into the soil or into a grout base. Mulch of straw or grass, placed 
under the brush, or loose rock pavement may be needed to stop erosion 
effectively. 

3. Diversion ditches. These are often needed to turn water out of 
eroding gullies which are being reclaimed. These may also be neces- 
sary to afford a permanent outlet for water caught on terraces. 

4. Terraces with retaining walls. On steep slopes above the forest 
zone it may be necessary to create terraces to check the velocity of the 
surface runoff and give time for the water to sink in. Stone retaining 
walls are sometimes needed to maintain these terraces. 

The best methods of constructing these engineering works vary, de- 
pending upon the soil, topography, and climatic conditions encountered 
and the materials available for construction. Details of construction 
should be worked out locally. 

Landslides. Landslides, as previously stated, are examples of a 
special type of wholesale erosion. Control measures are needed both 
above the forest zone and within the forest. Above the forest zone, 
engineering works like those to prevent other types of erosion should 
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be built on all slopes in danger of sliding. Grazing should be pro- 
hibited, and complete fire protection should be secured. 

Inside the forest zone wherever danger from landslides exists com- 
plete fire prevention and elimination of grazing should be the rule. 
The clearcutting of timber should be avoided, and partial cuttings of 
the selection type, which always retain a large proportion of the stand, 
should be employed. It will often be necessary not only to maintain a 
good soil cover but also to anchor sheets of soil so that they cannot 
move. This may be done on loose banks by driving in a series of 
stakes, preferably of live wood which may sprout, and sometimes con- 
necting these stakes with wire. The tree roots form the best insurance 
for holding large layers of soil once the forest is established. 

Snow, Ice or Sleet, and Avalanches. Control of snow, ice, and 
sleet damage can be secured only through making the individual trees 
strong and providing room for the snow to fall through to the ground. 
When snow-damage zones are located, species not easily broken or 
crushed by snow should be favored and an arrangement of age classes 
planned which will prevent the dumping of snow on young age groups. 
Dense, even stocking must be avoided as well as mixtures of species ill 
suited to resist snow damage. For example, a mixture in which one 
species outgrows the other usually results in the slow-growing species 
forming slim stems with unsymmetrically formed crowns which are 
broken or crushed by the snow dropped upon them by the faster-grow- 
ing species. An ideal mixture for protection against snow is composed 
of a conifer and a hardwood, the conifer preferably being the faster 
growing of the two. The conifer sheds its snow upon the hardwood, 
which species, being without foliage in the winter, allows the snow to 
fall through to the ground. 

Skillful thinning is the forester^s chief tool for developing strong 
individuals capable of resisting snow damage. Trees with one-sided 
crowns should be eliminated from the stand in the thinnings unless 
they are needed in the dominant stand. 

Curtis (1936) suggests that trees with one-sided crowns should be 
brought to symmetrical form by artificial pruning and thus be safe- 
guarded against being bent over by the weight of an unequally dis- 
tributed load of snow. He also advises that thinnings be made after 
the yearns heavy snowfall is completed, so that the remaining trees 
may have the advantage of a season’s growth in this new, more exposed 
position before being subjected to heavy snowfall. 

Where snow damage is threatening, thinnings of the low thinning 
type rather than crown thinnings may be safer. The subordinate stand 
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maintained in the crown-thinning method is likely to be ruined by the 
snow sliding down from the trees in the upper canopy. 

Damage caused by ice forming on the trees (glaze or sleet storms) 
cannot be prevented. The effects of such storms may be minimized 
eventually by encouraging the more resistant species. Downs (1938) 
found in northern hardwood stands that hemlock was lightly injured, 
while black cherry, basswood, and aspen were badly hurt. On the 
whole, conifers suffer less than hardwoods because they have smaller 
upper crowns and better branching habits to resist weight on crowns. 

Gradual strengthening of trees by thinnings to develop sturdy stems 
and crowns should reduce the most serious types of damage. The 
maintenance of an even canopy without trees projecting far above the 
general level is desirable. 

Avalanches, or the mass movement of snow on slopes, once started 
are difficult to stop; hence protective measures should be directed 
toward preventing their origin. Long grass, ground cover of any kind, 
brush, and reproduction hold the snow and assist in preventing the start 
of avalanches. Above timberline, protective measures include the en- 
couragement of all woody-plant vegetation, the preservation of a grass 
sod, and at the most dangerous points the construction of ditches, walls, 
and fences. 

Below timberline, protective measures require the maintenance of 
a protection forest. Munger (1911) mentions four requirements for 
treatment of such a forest. 

1. Complete fire protection. This encourages the development of 
ground cover, underbrush, and reproduction. 

2. Exclusion of grazing with the same object in view of keeping the 
soil densely covered. 

3. Careful cutting of timber on steep slopes with a gradient exceed- 
ing 50 per cent. Single-tree selection is the proper method of reproduc- 
tion. Clear cutting should be prohibited. 

4. Prompt reforestation of denuded areas, in order to reestablish 
forest conditions. 

Avalanches in this country occur most frequently in the Cascade 
Range in the Pacific Northwest, where two types are recognized, canyon 
slides and slope slides. Canyon slides start on steep slopes at the head 
of canyons usually above timberline and result from heavy snowfall 
on steep unforested land. Slope slides originate on steep cutover or 
burned-over mountain sides. A properly managed forest will control 
slope slides, but canyon slides can be controlled only by engineering 
works. 
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CHAPTER 


Protection against Atmospheric Agencies 
(Continued) 

WIND 

Wind affects the forest in a variety of ways but on the whole is in- 
jurious. These effects of wind may for our purpose be classified under 
the following headings: 

Effects upon the soil. 

Effects upon the forest atmosphere. 

Direct physiological injury to trees. 

Mechanical injuries. 

The beneficial influence of wind is found primarily in the dissemina- 
tion of seed and pollen (Forbes 1925). Natural regeneration relies 
largely upon wind-borne seed for stocking cutover areas. Another 
beneficial influence of wind is the mixing of the soil which occurs as a 
result of large trees being uprooted. Oftentimes the forest litter is 
buried and mineral soil exposed, which may afford a favorable seedbed 
for species not then abundant in the stand. Over a long period of time 
in the virgin forest an appreciable portion of the forest floor may be 
disturbed in this way (Lutz and Griswold 1939). This action is of 
more significance in affecting soil conditions and the composition of 
forests in their natural state than in the managed forest. 

Effects upon the Soil 

The wind exerts a distinctly injurious influence upon the soil in two 
ways: first, by blowing it away, which is commonly spoken of as wind 
erosion; and, second, by its drying effect upon the soil in place. Ac- 
celerated air movements increase the evaporation and tend to exhaust 
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soil moisture. The continued drying action of the wind upon the soil 
interferes with the building up of the better types of humus, is likely 
to develop instead a tough, peaty acid humus layer, and also curtails 
the activity of the soil bacteria and fauna necessary for proper func- 
tioning of the soil (Fritzsche 1933). Oftentimes the entire cover of 
leaves is blown off, leaving the soil bare, and conversely in other spots 
these leaves are heaped up thickly, with bad results both for regenera- 
tion and for condition of the soil. 

Wind erosion, the other type of wind action on the soil, results in 
the movement of the soil particles themselves and their removal from 
their existing position. Fine earth is continually being blown away 
from exposed portions of the soil in the forest. This occurs especially 
on the warmer, drier exposures such as southern-facing slopes. In the 
long run this removal by the wind of fine particles of soil results in 
making the soil shallower and less fertile. Since the fertility of the 
soil determines the productive power of that area for tree growth, any 
injury to the soil affects the growth rate of the forest unfavorably. 

Not only are fine earth particles constantly being removed from 
exposed spots in the forest, but a most striking type of action occurs 
where the wind blowing over areas outside the forest causes a whole- 
sale movement of soil. This is usually discussed under the head of 
shifting sand dunes, although similar wind action takes place also on 
areas of finer and better soil types. 

In general, wind erosion increases as the percentage of sand in the 
soil rises and is most dangerous in regions where extensive bodies of 
fine, dry sand occur. Moving sand dunes are capable of burying and 
destroying entire forests, and conversely the establishment and main- 
tenance of forests upon areas of shifting sands constitute the only 
method of rendering such areas productive and preventing injury to 
adjacent property including forests. 

Wholesale erosion of soil by wind may start even within a forest 
where mismanagement has destroyed the litter covering the soil. Wind 
erosion is a potential source of danger to the forest, principally in 
regions of light sandy soils where the precipitation is relatively scanty 
during at least part of the year. Soil materials cast up by the sea and 
not yet clothed with vegetation are particularly susceptible to wind 
erosion and threaten adjacent forests and property. 

Mismanaged agricultural lands suffer enormous losses of soil from 
wind erosion each year, but consideration of this problem, except as 
the wind-blown soil threatens to overwhelm forests in their paths, is 
outside the scope of the discussion. 
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Effects upon the Forest Atmosphere 

For perfect functioning of the forest community the air within the 
forest should be calm, moist, and relatively warm. When these condi- 
tions prevail excessive evaporation and transpiration are avoided and 
the humid atmosphere enables the trees to elaborate food materials 
to greatest advantage. Particularly is the supply of carbon dioxide, 
so necessary for plant activity, abundantly available. Where wind is 
admitted into the inner part of the forest this favorable condition is 
changed. The carbon dioxide is rapidly carried away, and the forest 
atmosphere may be cooled by the influx of colder air. Thus, the 
warmth secured from the sun’s rays and held within the forest may be 
lost. Or the wind may be excessively hot and dry and then it will 
raise temperatures too high and decrease the moisture within the 
forest. From whatever angle the subject is approached, it remains a 
fact that the free movement of wind inside the forest affects the forest 
atmosphere unfavorably and should be prevented. 

Direct Physiological Injury to Trees 

The physiological effect of the wind is expressed in a variety of ways. 
It deforms the crown, changes the nature of the root system, and stunts 
the height of the stand. Trees along the border of a stand exposed for 
long periods to strong winds coming from one direction have deformed 
crowns and have root systems especially developed to hold fast against 
these winds. The strongest will be developed on the leeward side of 
the tree to furnish resistance to bending (Fritzsche 1933). The height 
of the trees will be less on the outer exposed edge, and normal heights 
will be attained only 60 to 200 feet inside the border (Miinch 1923). 

Wind action sometimes causes excessive development of the root 
system at the expense of the growth of the portion above ground. 

Wind often is responsible for the drying out of tops of trees, creating 
what is known as a stagheaded condition. In fact, much of the injury 
to trees left isolated on cutover areas and attributed to changed site 
condition is caused by wind action in drying out the soil and increas- 
ing the loss of water from the tree. From the physiological standpoint 
the wind question is in many instances a water-supply question. 

Wind-blown salt water even if diluted by heavy precipitation may 
damage foliage and buds and even woody stems in semi-dormant condi- 
tion. Moss (1940) describes the effect along the Connecticut coast of 
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wind-driven salt water after the New England hurricane of 1938. With 
wind velocities in excess of 100 miles per hour damage was found 45 
miles inland. The foliage of conifers was killed and browned as if by 
a forest fire, although the color was more a reddish-orange. The hard- 
wood foliage was stripped off by the force of the wind, but buds were 
killed by the salt spray. 

The most important injurious physiological effect comes from an 
increase in the transpiration from leaves and twigs. It is sometimes 
claimed that growth may be stimulated by a reasonable increase in 
transpiration and that light winds may even be of benefit in this re- 
spect. However, strong winds soon raise the rate of transpiration be- 
yond the point most favorable for tree growth. This, combined with 
the water shortage for the roots, which may be brought about by 
heightened evaporation from the soil, has serious consequences for the 
growth and health of the forest. The wind often turns the leaves into 
positions unfavorable for assimilation. They may also be cooled by 
the wind, and this results in interference with normal nutrition. Wind 
movement may cause the closing of the leaf stomata and thereby 
hinder entrance of carbon dioxide into the leaves. All in all, the wind 
is of distinct physiological importance in deforming the trees and in 
reducing the growth of the stand (Barth 1934). 

These physiological influences of the wind are in progress even with 
winds of low velocity, but mechanical injuries, often spectacular in 
nature, occur principally in the occasional windstorms of high velocity. 
Consequently, it is possible that the physiological injury suffered by the 
forest from wind may be greater than that resulting from breakage and 
windthrow. In fact, there are places, usually located near the border 
line between the forest and other types of vegetation, where wind is a 
sufficiently critical and a powerful enough factor to destroy the forest 
and replace it permanently with other vegetation unless conservative 
management is practiced directed especially toward minimizing the 
influence of wind, particularly in its relation to transpiration. 

Mechanical Injuries 

Strong winds have the power to tear out entire trees by the roots, 
to overthrow whole stands, and to snap in two the trunks of large 
trees. Where occurring in the most violent form, as in the tornadoes 
and hurricanes of the southern United States and tropical countries, 
the wind cuts a wide swath through the forest, knocking down and 
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breaking all the trees in its path. Complete destruction of the forest 
may result from such violent storms. 

What may be termed the normal storm, examples of which occur 
at frequent intervals in all forest regions, is a constant source of wind- 
throw and wind breakage in the forest. 

Winds of lesser intensity, which do not cause overthrow or breakage, 
lash the small branches against one another, thereby knocking off an 
appreciable amount of the foliage and small twigs. Tearing and 
loosening of the roots are frequent wind injuries. Such injury which 
is often hard to observe above ground may cause a shortage of water 
supply for the tree, because the fine roots are broken, thereby lowering 
the vitality and increasing the susceptibility of the tree to injury by 
insects and fungi. Trees of all ages are uprooted and broken by high 
winds, but, on the whole, old timber suffers most. The velocity of 
the wind is the main factor governing the extent of damage. Low- 
velocity winds cause practically no mechanical damage. Until veloc- 
ities in excess of 30 miles per hour are reached, little mechanical dam- 
age is caused by wind. High winds accompanied by rain or wet snow 
cause the worst injury. 

Windfall is most likely to occur in seasons when the soil is saturated 
with water and consequently the holding power of the roots is least 
effective. Under such conditions species relatively wind-resistant may 
be uprooted. Soil texture also influences windfall since it affects the 
distribution of the roots. On sandy soils there is practically no wind- 
fall unless the soil is shallow and underlaid with an impervious stratum. 
On heavy fine-textured soils windfall is more common. Shallow-rooted 
species suffer most, and conifers are more susceptible to wind damage 
than broad-leaved trees particularly when the leaves are off. 

Schantz-Hansen (1937) describes damage done by a 60-mile-per- 
hour gale following a rain in northern Minnesota. The windthrow on 
upland areas was slight, but in an all-aged spruce and balsam swamp, 
uncut, nearly one-third of the spruce and balsam were windthrown. 
Where an improvement cutting had been made very little loss oc- 
curred. 

Jensen (1941) found, after the New England hurricane of 1938, that 
heavier losses occurred in unevenaged stands than in those of evenaged 
form. He attributes this result to differences in the crown-canopy 
arrangement in the two forms of stand. The more uniform canopy of 
the evenaged stands exposed the individual trees less to the wind than 
the irregular canopy characteristic of unevenaged stands. 

In a study made after the New England hurricane of 1938 Curtis 
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(1943) showed that, even in this storm of exceptional violence, cer- 
tain types of trees were more resistant to wind than others. The re- 
sistance to windthrow depended on the type of crown and height of 
the form point.* In general, trees with a low form point withstood 
the wind better than trees with a high form point. Trees with deep 
crowns, those with storied open crowns, through which the wind could 
blow were found to be relatively wind-resistant. An apparent excep- 
tion occurred in the case of tall, slender intermediate trees with small 
crowns, 10 to 20 per cent of the total height, which were supple enough 
to absorb some of the wind pressure without being injured. 

A peculiar type of mechanical injury by wind has been reported by 
Moore (1933) and Day (1934). This consisted in the girdling of 
recently planted Scotch and Corsican pines by the action of wind sway- 
ing the stems against sharp stones lying in the surface soil. 

The action of wind is felt in every forest in the country. The 
amount of damage varies tremendously from place to place. In gen- 
eral, regions of relatively low precipitation and high average wind 
velocity suffer the greatest injury. Forest regions subject to violent 
wind storms of high velocity show the greatest damage from mechan- 
ical breakage and overthrow of timber. 

Trees growing in isolated position from early youth develop a proper 
balance between roots and top, develop sturdy anchoring roots, and 
accustom themselves to resist the winds normal to their locality. They 
are in the best position to weather the occasional violent storms safely. 
The roots which strengthen trees against windthrow are not the long 
feeding roots but the larger shorter roots of the bracket angle type 
developed particularly on the leeward side of trees in exposed situa- 
tions. These thick roots with the mass of interlacing roots between 
them were named by Fritzsche (1933) the ''rootball.” The rootball 
gives the tree its support against the wind. Trees grown from early 
youth in closed stands have the least resistance to the winds of normal 
intensity and may suffer complete destruction when their position in 
reference to adjacent trees is changed by cutting or when the occa- 
sional violent storm occurs. 

Jacobs (1936) has called attention to another type of wind injury 
which he considers more harmful in the broadest sense than windthrow 
and breakage. This is the creation of uneven density in wood struc- 
ture or the formation of compression wood, making the timber pro- 

♦ Form point is the distance from the ground to a point one-third of the distance 
from the base of the crown to the top of the tree expressed as a percentage of the 
total height. 
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duced of relatively low quality. The wind sometimes creates perma- 
nent bends in the trees, which may all be leaning in the same direc- 
tion. In leaning trees compression wood is produced, seriously injur- 
ing the quality of timber. 

Methods of Protection against Wind 

Complete prevention of injury from wind is impossible, but the 
damage during the life of a forest crop can be lessened by correct 
methods of management. The best protection against injury from 
wind is to prevent the entrance of the wind into the forest. This can 
be accomplished in theory by keeping the edges of stands where they 
abut on open lands completely clothed with dense foliage from the 
tops to the ground and by maintaining all through the forest a dense 
understory which reaches from the ground to the bottom of the domi- 
nant crown level. Such a condition is almost impossible to secure and 
maintain. 

An unevenaged forest with the ages arranged by single trees or very 
small groups also constitutes a wind-resistant forest. The unevenaged 
forest is less susceptible to wind injuries of a physiological nature than 
the evenaged forest. For this reason the unevenaged forest should be 
developed and maintained on areas where severe injury of a physiolog- 
ical nature from wind is anticipated. The unevenaged forest because 
of its complete vertical closure reduces wind movement and evapora- 
tion inside the stand to the minimum. Sometimes, however, entire 
abandonment of the evenaged form of forest may be undesirable. Pos- 
sibly adequate protection may be secured by maintaining a relatively 
narrow border of forest in unevenaged form while the main central 
area remains evenaged. 

In second growth forests, under intensive management, unevenaged 
and evenaged forests show little difference in susceptibility to mechan- 
ical injuries by wind. In fact, evenaged stands properly arranged may 
suffer less injury than unevenaged. 

Very rarely can such full protection against wind be obtained or 
justified when considered in relation to management objectives. If 
the forest products are to be utilized, cuttings must be made and the 
forest opened up, and wind will be admitted to a greater or less extent. 
The practical problem is to combine the production and utilization of 
timber crops with reasonable protection against wind, an ever-present 
enemy of the forest. 

It should be remembered, however, that the degree of departure from 
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the ideal condition of the stand as regards exclusion of wind will be 
correlated with a gradual decrease in the growth rate of the stand and 
an increased liability to excessive mechanical injury from the wind. 
There are areas so dangerously exposed to injury from wind that on 
them a highly wind-resistant forest cover should be developed and 
maintained by light cuttings. Many other parts of the forest may be 
so slightly susceptible to damage by wind owing to favorable climate 
or other factors that special protection need receive relatively little 
consideration. This is true particularly as concerns damage from wind 
to soil, forest atmosphere, and physiologically to trees, and to less 
degree as regards breakage and overthrow of trees. 

Injury from windfall and breakage, though occurring in stands of all 
ages, is of chief importance in mature timber. Such stands have at- 
tained their growth, are ready to harvest, and will be cut soon. Young 
and middle-aged stands, on the other hand, must be tended for many 
years before the time for harvest, and it is essential that they be pro- 
tected against the entrance of wind with its serious consequences in 
reduced growth. Windfall and breakage are less common in these 
immature stands unless a tornado happens to pass through them. 

Protection against loss to mature timber from windfall and breakage 
is needed virtually everywhere. In the utilization of the timber, cut- 
tings must be made and when made are likely to leave exposed the 
sides of forest stands and to allow wind to blow against trees which 
previously have, been sheltered by their neighbors. 

Cuttings of any kind increase the wind damage and, in regions 
where this is serious, must be planned so as to minimize the extent of 
the injury. It is a fact that serious windfall and breakage occur in 
forests long under management, as well as in unmanaged forests. This 
is attributable partly to bad practices and failure to recognize wind 
as a sufficiently important potential source of injury and partly to 
the fact that, in the managed forest, cuttings of mature timber must 
be made each year, and hence numerous opportunities for windthrow 
and breakage exist on areas in the process of being reproduced. 

Arrangement of the cutting areas so that they progress against the 
direction of damaging winds is accepted as one of the first principles 
of protection against mechanical injury from wind. In fact, if this 
arrangement is accomplished it is likely to be of greater protective 
value than a resistant border zone, since the entire forest is protected 
throughout. If successive cuttings are made on the leeward side of the 
stand and advance into the wind, the cut edges will not be exposed to 
direct impact of the wind. It will take more than a single timber- 
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growing rotation to accomplish such an arrangement of cutting areas. 

The windward side of the stand should be developed as a border 
zone stocked with wind-resistant trees to act as a buffer for the re- 
mainder of the area. A long period of years is required to develop 
such a border, whether it be a single row of trees or a broad belt. 
Preferably a belt 50 to 100 feet wide should be developed in exposed 
situations. The trees in this zone must be developed gradually from 
early youth by repeated thinnings so that they possess exceptionally 
broad crowns and sturdy stems and are strongly rooted to withstand 
as individual trees the onslaught of the wind. A dense understory of 
other vegetation and the retention of branches down to the ground on 
the border trees will add to the wind-resistant value of the border zone. 

Heavy thinnings particularly of the crown-thinning type started 
early and repeated often are of use as a wind-protective measure, not 
only in the border zone but throughout the entire forest area, and con- 
stitute one of the most effective means at the disposal of the forester 
for minimizing losses from windfall and breakage. Thinnings made 
primarily to develop wind-resistant trees will be heavier than is de- 
sirable for most other silvicultural purposes and will tend to develop 
relatively deep-crowned, symmetrical trees with stocky, fast-tapering 
stems. If thinnings are started early, trees can be made wind-resistant 
to all but storms of the tornado type on practically any situation no 
matter how exposed. The density of stand and the length of time 
during which the tree has grown under such conditions of close stock- 
ing, rather than the degree of exposure of the site, are the determining 
factors in its ability to resist mechanical injury from wind. 

In managing stands on wind-swept areas some forms of clearcutting 
or of the strip type of reproduction are often the only methods of 
regeneration that are possible. This is especially true where the forest 
is made up of fully stocked, evenagcd stands which have in the past 
been thinned lightly or not at all. Evenaged stands which have been 
thinned heavily and several times may be sufficiently resistant to admit 
of other reproduction methods than clearcutting. 

The shelterwood method is likely to heighten the storm damage and 
is applicable only locally in the best-protected places and under inten- 
sive management. When intensively applied with frequent removal 
cuttings windthrown trees are soon salvaged without appreciable loss. 
The seed-tree method should not be employed with shallow-rooted 
species or on areas subject to windthrow. The selection system offers 
the best protection but is possible of application only if the stands are 
truly unevenaged or have been so managed from an early age as to 
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make the individual trees wind-firm; otherwise selection cuttings may 
expose the stand to great damage. Cutting in narrow clear-felled strips 
has advantages from the standpoint of protection against wind as well 
as other desirable features silviculturally and will often be practiced 
as forests come under management. Since old timber is more subject 
to windthrow than younger stands, shortening the rotation will have 
the effect of eliminating the serious losses of this type which occur 
today in areas of virgin timber. 

Wholesale windfall and breakage in the path of violent storms and 
tornadoes can never be prevented in stands of any age, irrespective of 
composition or treatment. 

Control of Wind Erosion. The problem of erosion by wind, like 
that of water erosion (page 302), has two phases: first, the protection 
of the forest against injury caused by erosion of soil, starting either 
on areas within the forest or on lands outside and moving into the 
forest; and, second, the reclamation of lands ruined by wind erosion. 
The former is a forest protection problem ; the latter is in the field of 
artificial establishment of forests but becomes a forest protection prob- 
lem as soon as the area is seeded or planted. Reclamation ordinarily 
involves the establishment of a vegetative cover, sometimes grasses 
and shrubs at first but in the final stage forest trees. 

In guarding against the start of wind erosion within the forest itself 
the important principle is to preserve intact the humus, litter, and 
ground cover making up the forest floor. Where this is done the wind 
has no opportunity to blow away any of the soil. In forests where soil 
and climate are potentially favorable for the start of wind erosion any 
little exposure of the soil may be enough to encourage the start of wind 
erosion, and a blow hole once started is rapidly enlarged by the wind. 

Exclusion of the wind from the forest by means of a dense wall of 
foliage down to the ground and by a thick understory will of course 
prove effective in preventing erosion without further attention. Wher- 
ever the forest has been opened by cuttings, it becomes important to 
preserve the forest floor intact if wind erosion threatens. In some 
regions grazing of domestic animals may be a cause leading to wind 
erosion. Animals should be excluded or closely regulated to prevent 
overgrazing. Forest fires should be prevented on all areas liable to 
injury from wind erosion. 

Provided that the forest floor is unbroken and reproduction starts 
promptly on the cutover area, practically any system of cutting may 
be allowed as far as the danger of wind erosion is concerned. This is 
evident from experience in the maritime pine region of France, where 



Wind 319 

thousands of acres of sandy soils susceptible to wind erosion have been 
reclaimed and are managed under a clearcutting method. 

Shifting sands, the movement of which originates outside the forest, 
may advance into and destroy a forest, even one kept in perfect condi- 
tion to prevent the start of wind erosion. Once in motion, advancing 
sand dunes threaten to destroy any forest in their path and can be 
checked only by establishing and maintaining a vegetative cover upon 
the wind-blown soil. Hence for the protection of the forest itself those 
areas which adjoin it, where the wind is actively eroding the soil, 
must be reclaimed. 

Eventually a forest should be developed and permanent control of 
further movement of sand be sought through maintenance of a thick 
forest floor. Any disturbance of the forest floor which exposes the 
mineral soil, such as the ruts in a forest road, forest fires, or grazing, 
may lead to movement of the soil and ultimate destruction of the 
forest. 

Methods of stopping the movement of shifting sands form a special 
subject in itself to which full consideration cannot be given here. In 
general, planting must be undertaken. As a preliminary step, the 
movement of the sand must be stopped temporarily. This may be 
accomplished most cheaply by planting beach grass (Lehotsky 1941). 
A more expensive but effective method is to use cut brush, either pav- 
ing the ground with it or constructing a close network of low fences 
dividing the area into small enclosures. Recent practice appears to 
indicate that, at least for sand dunes away from the sea, trees may 
be immediately established with the assistance of a dead-brush cover 
without the preliminary planting of grasses. 

Kroodsma (1937) was successful in developing methods for stopping 
the movement of sand dunes in Michigan. He states that sand dunes 
in Michigan move forward at the rate of 1% to 2 feet per year. His 
methods are summarized in the following paragraphs. An essential 
step is the spreading of a brush cover at right angles to the wind direc- 
tion over the area on which the soil is to be fixed. This may be done 
before or just after the trees are planted. Hardwoods are usually 
planted first, and later conifers can be introduced in spaces left for 
the purpose. The hardwoods serve as a protective cover for the 
conifers until they become established. 

The trees considered best for sand-dune planting are black locust 
and cottonwood among the hardwoods, and ponderosa, Scotch, Norway, 
and jack pines. Stock big enough so that it is not covered by blowing 
sand the first year should be used. This means about 18-inch 1-0 
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seedlings or cuttings for hardwoods and 2-1 or 3-0 stock for conifers. 

After the planting is completed and the brush cover laid, the sowing 
of rye in the following fall is advised to furnish a winter mulch. This 
sowing may be repeated in several succeeding years if needed to pre- 
vent soil movement. 

For reforesting Vermont sand dunes Altpeter (1941) recommends 
jack, pitch, red, and Scotch pines and black locust, each on the site to 
which it is best suited. He advises brush fences 4% feet high with the 
brush woven between posts 2 feet apart or packed between two rows 
of post. 

Mulch of a variety of materials is valuable not only for its me- 
chanical control of sand movement but also because it lowers surface 
soil temperatures, thereby decreasing water losses through evapora- 
tion, and enables moisture to rise closer to the surface. The physical 
properties of the soil are changed favorably, and the mulch may con- 
tain extra nutrients. 

SMOKE AND POISONOUS GASES 

The smoke and poisonous gases cast into the atmosphere by indus- 
trial plants, railroad locomotives, and other sources pollute the atmos- 
phere and injure forest vegetation. Smoke is variable in composition, 
but ordinarily in addition to the soot it contains other materials and 
is always accompanied by various gases. These gases frequently con- 
tain free acids and have a poisoning effect which may even kill the 
entire tree. Industrial plants where smelting of metals is carried on 
are the most dangerous as regards emission of smoke and gases. The 
most dangerous gases commonly present in smoke are those containing 
sulphur such as sulphur dioxide (SO 2 ). Sulphur dioxide in very small 
quantities is sufficient to kill vegetation. Illuminating gas also con- 
tains poisonous compounds but is of little importance as a source of 
injury to forest trees, although in towns and cities it is a common cause 
of the death of shade trees growing near gas mains. Another poisonous 
element is arsenic, which is often emitted in smelter fumes. Even 
though this arsenic, deposited externally, may not damage the timber, 
it may be deposited in sufficient quantity on forage to poison grazing 
animals. 

Injury is caused to the forest in a variety of ways. The soot, dust, 
and other impurities settling from the smoke may form a coating over 
vegetation. Such deposits not only block up the stomata, thus imped- 
ing transpiration and absorption of carbon dioxide, but also, by cover- 
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ing the leaves, reduce the intensity of the sunlight as it affects the 
trees and thus interfere with photosynthesis (Bakke 1913). The de- 
posits may contain substances directly injurious to the leaves through 
corroding or toxic action. 

The effects of injury by smoke and its accompanying poisonous gases 
will usually be noted first through the discoloration of foliage, later by 
defoliation, and eventually by the death of injured portions or of the 
entire tree (Tourney 1921). Where the injury is not serious enough to 
kill the tree, there will at least be a decided slowing-up in the growth 
rate of forest trees subjected to continuous exposure to smoke and 
gases. 

Fortunately most forest areas are not exposed constantly to large 
volumes of smoke with their poisonous fumes. It is only in the neigh- 
borhood of occasional smelters that the damage becomes extreme. 
The intensity of the attack depends primarily upon the concentration 
of the poisonous gas and the distance from the smokestack, modified, 
however, by wind direction and topography. 

The worst injury is concentrated in the vicinity of smelters such as 
the one maintained by the Anaconda Copper Company at Anaconda, 
Montana. In the vicinity of plants of this type, forest vegetation 
unless located in areas sheltered from the smoke stream may be de- 
stroyed for miles around the plant. Mason (1915) states that destruc- 
tion of lodgepole pine forests occurred in some places 9 miles distant 
from the Anaconda smelter and that slight damage was experienced 
at distances of 30 miles. 

Conifers suffer more severely than broad-leaved trees, primarily be- 
cause they retain their foliage for more than 1 year. The older foliage 
on the conifers, having been affected longer by the poisonous fumes, 
is likely to show more severe injury than foliage of the current year’s 
growth. 

Prevention of injury to forest trees from smoke and poisonous gases 
must come through treatment of the smoke before it leaves the stack. 
The matter of controlling the emission of poisonous gases and smoke 
from industrial plants has been investigated quite thoroughly, both by 
men in this country and by workers abroad, because of the injuries 
suffered by vegetation in cities and towns and because of the deleterious 
effect which smoke and its attendant fumes have upon human health. 

It is now known that the pollution of the atmosphere by the emis- 
sion of smoke and poisonous gases can be prevented, in entirely prac- 
ticable ways, by scientific construction and skillful operation of the 
industrial plants. There is no longer any adequate excuse for the con- 
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tinuation of this type of injury to forest vegetation. The most serious 
cases of extensive injury to the forests in this country from smoke and 
poisonous gases occurred several decades ago. Today enlightened sen- 
timent and improved practice, which recovers by-products from the 
poisonous elements in the smoke stream, should result in preventing 
further serious losses. 

Different species of trees show differing degrees of susceptibility to 
injury from smoke and poisonous gases. In planting areas subject to 
smoke currents, species of known resistance to such types of injury 
should be chosen. As yet this information is available to only a lim- 
ited extent. Mason (1915) arranged the Rocky Mountain species 
occurring in Montana in the following order of susceptibility, the first 
being the most susceptible: alpine fir, Douglas-fir, lodgepole pine, 
Engelmann spruce, western juniper and limber pine. Since complete 
elimination of the smoke and gas nuisance should be secured in the 
manner already described, there should be little if any occasion for 
restricting forest planting to species nonsusceptible to smoke and gas 
injury. 

LIGHTNING 

Lightning is a widespread source of injury to forest trees. Trees are 
excellent conductors for electrical discharges between the clouds and 
the earth and are frequently struck by lightning. Evidences of light- 
ning injury, varying widely in character, can be seen in practically all 
parts of this country. 

Lightning injures trees first by shattering the tree either in whole or 
in part, with a wide variation in the extent of the damage, and second 
by killing the tree without any splintering or mechanical injury. 

Sometimes an entire tree is literally blown to pieces with splinters 
scattered in radii of a hundred or more feet. In other cases pieces of 
bark may be knocked off with minor injury to the tissues immediately 
beneath the bark. A common type of shattering is a furrow opened up 
in the bark and cambium layer often running nearly the entire length 
of the tree. Where such a groove follows a spiral grain the tree may 
be girdled. 

When trees are killed without external evidence, the lightning ap- 
parently spreads over the entire trunk of the tree or kills the root 
system. Occasionally a small group of trees are killed by lightning 
without external sign, rendering it difficult to determine the cause of 
death. 

It is believed that lightning strokes from clouds to ground shatter 
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trees, while discharges from earth to clouds often injure roots and some- 
times kill trees without external evidence (Dodge 1936). 

Damage to the forest from lightning is usually considered of minor 
importance as compared to other sources of injury. However, indi- 
vidual trees struck by lightning can be found scattered through the 
forest in most forest regions. Reynolds (1940) lists lightning as the 
chief cause of loss of volume through mortality in selectively cut stands 
of loblolly and shortleaf pines. In ponderosa pine stands in Arizona, 
Wadsworth (1943) reported that the trees struck by lightning amounted 
to about one-third of the total timber mortality. 

There is no practical method of preventing lightning injury to forest 
trees. Lightning causes much more serious damage to the forest in- 
directly through starting forest fires than it does through direct injury 
in striking individual trees. Lightning is, in fact, one of the chief 
causes of forest fire in the United States. The consideration of light- 
ning as a fire cause and of the control of fires originating from this 
cause belongs more properly under the head of forest fires and there- 
fore has been discussed in Chapter 5 rather than in the present chapter. 
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Common and Scientific Names of Tree Species Mentioned 

in the Text 


Common Name 

Ash, black 
Aspen, bigtooth 
Basswood, American 
Beech, American 
Birch, gray 
paper 
yellow 

Cherry, black 
Chestnut, American 
Cottonwood 
Douglas-fir 
Elm, American 
Fir, alpine 
balsam 
white 

Hemlock, eastern 
Hickory 

Incense-cedar, California 
Juniper, western 
Larch, eastern 
western 
Locust, black 
Maple, red 
sugar 

Oak, black 
chestnut 
red 

scarlet 
white 
Pine, chir 
Corsican 
eastern white 
jack 
limber 


Scientific Name 
FraxiniLS nigra Marsh. 

Populm grandidentata Michx. 

Tilia glabra Vent. 

FagiLS grandijolia Ehrh. 

Be tula populijolia Marsh. 

Be tula papyrijera Marsh. 

Betula lutea Michx. 

Prunus serotina Ehrh. 

Castanea dentata (Marsh.) Bork 
Populus sp. 

Pseudotsuga taxifolia (Poir) Britt 
Ulmus americana L. 

Abies lasiocarpa (Hook.) Nutt. 

Abies balsamea (L.) Mill. 

Abies concolor (Cord.) Engelm. 

Tsuga canadensis (L.) Carr. 

Hicoria sp. 

Libocedrus decurrens Torr. 

Juniperus occidentalis Hook. 

Larix laricina (Du Roi) K. Koch. 

Larix occidentalis Nutt. 

Robinia pseudoacacia L. 

Acer rubrum L. 

Acer saccharum Marsh. 

Quercus velutina Lamarck 
Quercus montana Willd. 

Quercus borealis Michx. and Quercus 
borealis maxima (Marsh.) Ashe 
Quercus coccinea Muench. 

Quercus alba L. 

Pinus longifolia Roxb. 

Pinus larido Poir. 

Pinus strohus L. 

Pinus banksiana Lamb. 

Pinus fiexilis James 
325 
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Appendix 


Common and Scientific Names of Tree Species Mentioned 
in the Text (Continued) 


Common Name 
Pine, loblolly 
lodgepole 
longleaf 
pitch 

ponderosa 

red (Norway) 

sand 

Scotch 

shortleaf 

slash 

sugar 

western white 
Redcedar, eastern 
Redwood 
Spruce, black 
Engelmann 
Norway 
red 
white 

Sycamore, American 
Willows 

White-cedar, northern 
Yellowpoplar 


Scientific Name 
PiniLS iaeda L. 

Pinus contorta latijolia S. Watson 
Pinus palustris Mill. 

PiniLS rigida Mill. 

Pinus ponderosa Dougl. 

Pinus resinosa Ait. 

Pinus clausa (Engelm.) Sarg. 

Pinus sylvestris L. 

Pinus echinata Mill. 

Pinus caribaea Morelet 
Pinus lambertiana Dougl. 

Pinus monticola Dougl. 

Juniperus virginiana L. 

Sequoia sempervirens (Lamb.) Endl. 
Picea mariana (Mill.) B.S.P. 

Picea engelmannii (Parry) Engelm. 
Picea excelsa Link. 

Picea rubra Link. 

Picea glauca (Moench) Voss. 
Platanus occidentalis L, 

Salix sp. 

Thuja occidentalis L. 

Liriodendron tulipijera L. 


Common and Scientific Names of Plant Diseases Mentioned 

in the Text 


Common Name 
Blight, chestnut 
Canker, larch 
Nectria 
Strumella 
Tympanis 

Disease, brown spot needle 
mottled bark 
Mistletoes, dwarf 
true 

Rot, Fomes root 
shoestring root 
Rust, white pine blister 
Woodgate gall 


Scientific Name 

Endothia parasitica (Murr.) A. & A. 
Dasyscypha willkommii (Hart.) Rehm. 
Nectria sp. 

Strumella coryneoidea Sacc. & Wint. 
Tympanis sp. 

Septoria acicola (Thum.) Sacc. 

Stereum sanguinolentum Alb. & Schw. 
Arceuthobium sp. 

Phoradendron sp. 

Fomes annosus (Fr.) Cke. 

Armillaria mellea (Vahl.) Quel. 
Cronartium ribicola Fisher 
Cronartium sp. 
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Common and Scientific Names of Insects Mentioned in the Text 


Common Name 
Ant, mound-building 
Bark beetle, mountain pine 
southern pine 
western pine 
Beetle, calosoma 
Japanese 

Borer, eastern hemlock 
Borer, locust 
Budworm, spruce 
Grubs, white 
Moth, fir tussock 
gypsy 

pandora 

Sawfly, European spruce 
larch 

Sawyer, pine 
Scale, golden oak 
Weevil, pales 
white pine 


Scientific Name 
Formica exsectoides Forel 
Dendrocionus monticolae Hopk. 
Dendroctonus jrontalis Zimra. 
Dendrocionus brevicomis Lee. 
Calosoma sycophanta L. 

PopilUa japonica Newm. 
Melanophila julvoguitata Harr. 
Cyllene robiniae Forst. 

Archips fumijerana Clem. 
Phyllophaga sp. 

Hermerocampa pseudotsuga McDun. 
Porthetria dispar L. 

Coloradia pandora Blake 
Diprion polytomum Hart 
Lygaeonematus crichsonii Hartig 
Monochamus sculellatus Say 
Asierolecanium variolosum Ratz. 
Ilylobius pales Boh. 

Pissodes sir obi Peck 
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233, 262, 265, 283, 287, 291, 301, 
305, 306, 313, 317, 318, 319 
Cut-worms, 210 

Damage, annual disease, 18, 187 , 209 
annual fire, 15 - 18 , 209 
annual inscict, 18, 209 
by fire, classification of, 18-28 
Damping-off fungi, 190 , 281-282 
control of, 193 
Dams, 302 , 303 
check, 301, 302, 304 
D.D.T., 223 , 228, 230, 234 
Debris-burning fires, 53, 54, 55, 56, 57, 
68, 135 

definition of, 51-52 
prevention of, 63, 66, 67, 71 - 72 , 143 
Decay, 188, 191, 192 
Deer, 258, 262-266 
injurious influence of, 262-264 
control of, 265-266 
Deferred grazing, 253 
Defoliation, by atmospheric agencies, 284 
by fire, 21 

by insects, 211-214, 224, 229-231 
Den trees, 262 

Dendroctonus, 212, 219 - 221 , 327 
Dependent crown fire, 37 , 176 
Destructive logging, 11 , 13 
Detection, elapsed-time standard of, 76, 

91 

of fires, 76 - 86 , 94, 111, 123, 132, 153 
by lookout system, 77-84 
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Detection, of fires, by patrol systems, 85- 
87 

by patrol systems, 85-87 
aerial, 80, 86-87 
ground, 86 - 86 , 111 
Detection equipment, 80, 81-84, 104 
Detector, see Lookout observer 
Dew point, depression of, 44 
Dieback, 284 

Digging equipment, 104, 106-107, 172- 
175 

Direct method of fire suppression, 164, 
165, 167, 175, 176 
Discovery time, 91, 161 
Disease detection, 191 
Disease prevention, 203 
Disease-resistant trees, 197 
Diseases, see Injurious plants 
Disk plow, 99 
Dispatching index, 138 
Dispatching meter, 138 
Dispatching table, 162-163 
Ditches, 172, 302, 306 
diversion, 304 

Domestic grazing animals, 1, 5, 10, 118, 
240-264 

Douglas-fir, 20, 45, 80, 124, 149, 157, 198, 
202, 274, 297, 322, 325 
Drags, 172 

chain-mesh, 171 
Drainage of wet soils, 288, 301 
Drought, 281, 285, 288-291 
detrimental effects of, 288-290 
control of, 291 

in relation to forest injury by man, 12 
in relation to fungi, 290 
in relation to insects, 215, 290 
Drought tables, 139-140 
Drought-resistant species, 290, 291 
Dry-weather tables, 139-140 
Duff fire, 36, 124, 169, 176 
Duff hygrometer, 44, 134, 135 
Duff temperature, 44, 48 
Dust, atmospheric, 320 
synklor, 234 

Dwarf mistletoes, see Mistletoes 

Early fall frost, 284-285, 287 
Eastern hemlock, 20, 267, 268, 274, 290, 
306, 325 
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Eastern hemlock borer, 290, 327 
Eastern larch, 202, 325 
Eastern redeedar, 196, 326 
Eastern white pine, 25, 191, 196, 199, 
200, 201, 203, 204, 222, 226, 227, 
232, 236, 274, 282, 325 
Education in firci prevention, 9, 62-64, 
86, 143 

Elapsed-tiine standards, 91-92, 123, 206 
definition of, 91 
in attacking fires, 92, 161 
in controlling fires, 92 
in discovering fires, 76, 91 
in getting off to fires, 91 
in hour-control, 92, 123, 147, 158, 163 
in mopping-up fires, 92 
in patrolling fin's, 92 
in reporting fires, 91 
in traveling to fir(‘S, 92, 138 
Elk, 262 

Elm, 284, 286, 325 

Engelmann spruce, 246, 282, 322, 326 
Engine, steam donkey, 118 
Engineering works, 302, 304, 306 
Epidemic diseases, 187, 188, 198 
Equipment used in fire control, 103-109 
camp, 104 

communication, 89-90, 104 
fire suppression, 104-109, 177 
for application of water, 104, 107- 
108, 167-170 

for backfiring, 104, 109, 166-167 
for cutting and felling, 104-106, 117, 
173 

for digging and fire line construction, 
104, 106-107, 172-175 
for lighting, 104, 109, 178 
for raking, pushing, and beating-out, 

104-106, 171 

firebreak construction, 99 
fire-danger station, 104, 140-142 
lookout station, 80, 81-84, 104 
road building, 96 
transportation, 94-96, 104 
Erosion, 281, 299-300 
beneficial effects of, 294 
detrimental effects of, 294-296 
due to fire, 24, 25, 99, 295, 300, 305, 
318 

due to grazing, 244 
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Erosion, detrimental effects of, due to 
water, 292, 293, 294 - 296 , 301, 
302-304 

due to wind, 309-310, 318-320 
Ethylene dichloride, 234 
European spruce sawfly, 217, 218 , 228, 327 
Evaporation, 44, 45, 46, 48, 133, 139, 
288, 291, 309, 312, 316, 320 
Evenaged versus unevenaged stands, 3- 
4 , 12, 197, 313, 315, 317, 318 
Explosives, used in beaver control, 268 
used in fire control, 117 
Exotic species, danger from use of, 12 
Exposure, 60, 142, 283 
Extinguish versus control of fire, 164, 
171, 175 

Extra-period fire, 178 

Eyesight test for lookout observer, 84 

Fan psychrometer, 141, 142 
Felling equipment, 106, 117 
Fences, 254, 268, 276, 306, 319 
brush, 320 
deer-proof, 265, 266 
hog-tight, 262 
rabbit, 272 
Fir, 124, 127, 157 
alpine, 322, 325 

balsam, 20, 212,. 229, 230, 274, 313, 325 
Douglas-, 20, 45, 80, 124, 149, 157, 198, 
202, 274, 297, 322, 325 
white, 191 , 325 
Fir tussock moth, 223 , 327 
Fire, annual losses due to, 15-18 
beneficial effects of, 15, 28-32 
in disease control, 30 , 194, 198, 200, 
201 

in fire control, 30 - 31 , 70, 116 - 122 , 
164, 166-167 

in insect control, 31 , 219 - 220 , 222, 
228 

on grazing, 29-30 

on silvicultural practices, 28 - 29 , 274 
on soil, 23, 29 , 117 
on stand composition and density, 
28, 31 

on wildlife, 29 

causes of, 9, 61 - 68 , 76, 147, 322 
classification of, 61-52 
statistics of, 53, 55, 56 


Fire, character of, 36 - 49 , 124r-125, 135, 
147, 162, 176 
classes of, 36 - 38 , 162 
crown, 36, 37 - 38 , 46, 124, 167, 176 
dependent, 37 , 176 
running, 37 , 47, 176 
ground, 36 - 37 , 38, 46, 124, 169, 176 
duff, 36 , 169, 176 
peat, 36 , 168, 169, 176 
injurious effects of, 16 - 28 , 115-116 
classification of, 18 
in relation to effectiveness of forest 
as a protective agency, 27 
in relation to erosion, 296, 300, 302, 
318 

in relation to forage growth, 26 
in relation to fungi, 17, 21, 151, 187, 
190 - 191 , 194, 198 
in relation to human life, 28 
in relation to insects, 17, 21, 151, 
209, 212 

in relation to other property, 27 
in relation to productive power of 
forests, 24-25 

in relation to recreational and scenic 
values, 26 

in relation to soil, 22 - 24 , 117 
in relation to tree growth, 19-22 
in relation to wildlife, 26 
parts of, 38 

influence on plan of attack, 177 
rate of spread of, 26, 38 - 48 , 61, 124 - 
128 , 131, 132, 161, 162, 163 
factors influencing, 39-48 

amount and character of fuels, 39 - 
41 , 113 

forest cover, 45, 48-49 
moisture contemt of fuels, 41-46 
topography, 47 - 48 , 178 
wind, 37, 38, 46 - 47 , 114, 127, 
178 

methods of measuring, 38-39, 126 
resistance to control of, 126 - 128 , 131, 
138, 162, 172 

factors influencing, 126, 172 
spot, 38 , 39, 175 
statistical, 35 

surface, 26, 35, 37 , 38, 46, 47, 116, 124 
174, 176 
Fire camp, 95 
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Fire control, activities of, 60-178, 180, 
184, 306 

in presuppression, 75-159 
in prevention, 61-74 
in suppression, 161-178 
costs of, 64, 147, 149-165, 161, 172 
definition of, 60 
logistics of, 96 
objectives of, 155-159 
personnel of, 110-111 

See also Man-power needed in fire 
suppression 

planning of, 49, 60, 127, 131, 132, 146- 
149 

See also Fire plans 
policy of, 149-155 

standards of, see Elapsed-time stand- 
ards 

Fire damage, 55, 56, 147, 151, 159, 161 
appraisals of, 144, 160-161, 155 
See also Fire, annual losses due to 
Fire danger, 60, 66, 73, 76, 91, 100, 118, 
120, 131-144, 147, 148, 156, 161- 
162 

constant factors of, 61, 132 
cumulative relative humidity, 134, 
138-139 
definition of, 61 

factors affecting, 39-49, 132-134 
measurement of, 134r-142 
variable factors of, 61, 132, 135 
Fire dispatcher, 82, 84, 91, 142, 162, 163 
Fire dispatcher’s desk, 83 
Fire flap, see Fire swatter 
Fire history, 146-147, 162 
Fire line, 97, 121, 122, 126-126, 165, 166, 
176 

construction of, 162-163, 171-176 
by Austin rotary organization meth- 
od, 174 

by functional control line organiza- 
tion method, 174, 250 
by one-lick method, 173 
by progressive method, 173-174, 175 
by progressive step-up method, 174 
by sector method, 173 
by spinning firemen method, 174 
equipment for, 104, 106-107, 109, 
172-175 

holding of, 174, 176-176 
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Fire losses versus losses due to insects 
and disease, 6 , 18, 187 
Fire mops, 106-106, 171 
Fire occurrence, 76, 78, 147, 159 
Fire patrol, 92, 123 
aerial, 72, 80, 86-87 
compulsory, 86 
ground, 86 - 86 , 111 
use in fire prevention, 64, 71 
use in fire suppression, 85-86, 175 
Fire plans, 92, 146-149, 177-178 
Fire prevention, 51, 60-74, 75, 84, 110, 
111, 150-153, 155, 302 
activities of, 62 
definition of, 60 

education for, 9, 62-64, 67, 86, 143 
importance of, 61-62 
law enforcement, 62, 64-67, 86, 143 
of camp fires, 70-71, 143 
of debris-burning fires, 63, 71-72, 143 
of incendiary fires, 65, 72-73 
of lumbering fires, 73, 149 
of miscellaneous fires, 73 
of railroad fires, 68-70, 97 
of smoker fires, 58, 63, 67, 71, 143 
principles of, 61-62 
use of fire-danger ratings in, 143 
Fire protection, see Fire control 
Fire protection association, 148-149 
Fire reports, individual, 147 
Fire scars, 19, 21-22, 191, 192, 194, 212 
Fire scout, 177 

Fire season, 48, 77, 80, 97, 103, 110, 131- 
132, 135, 139, 143, 161, 162 
Fire statistics, 15-18, 53-56, 146-147, 
150-154, 157-158 

Fire suppression, 64, 75, 90, 97, 111 
activities of, 91-92 

by fire-line construction, 171-176 
man-power needed for, 161-164 
size of crews, 161-163, 176-177 
methods of firefighting in, 164-171, 
175-176 

relation to type of fire, 161-162, 

176 

plan of attack, 177-178 
definition of, 60 
equipment for, 103-109 
use of fire-danger ratings in, 144 
Fire swatter, 106, 171, 175 
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Fire type, 25 
Fire warden, 110 
Fire years, 152 
Fire-boss, 144, 177 

Firebreak, 30, 97 - 101 , 108, 114, 154, 166, 
167, 171 

beside railroads, 97, 100-101 
construction of, 98 - 101 , 1 18 
definition of, 97 
equipment for, 99 
maintenance of, 99-100 
Fire-control zones, 128 
Fire-danger board, 136 
Fire-danger class, 123, 125, 132, 135-137 
Fire-danger indexes, 137 - 138 , 140, 162 
Fire-danger map, 79 
Fire-danger meters, 136 - 138 , 163 
Fire-danger ratings, use in fire control 
activities, 143 - 144 , 151, 169 
Fire-danger stations, 104, 140-142 
Fire-danger tables, Canadian, 134, 139 - 
140 

Firefighters, see Man-power needed in 
fire suppression 
Firefighting, 144, 147, 161-178 
combined with detection, 94 
methods of, by application of chemi- 
cals, 168, 170 

by application of soil, 165, 170 , 174 
by application of water, 167 - 170 , 
173, 175, 176 

by backfiiing, 164, 166 - 167 , 169, 
172, 174, 175, 176 
by beating-out, 165, 171 , 172, 175 
by direct method, 164 - 166 , 167, 169, 

175 

by indirect method, 164, 166 - 167 , 
169, 175, 176 

by parallel method, 164 - 166 , 175, 

176 

by two-foot method, 164 - 166 , 175, 
176 

with relation to type of fire, 161, 176 
night work, 178 
plan of attack, 178 

Firefighting crews, 104, 108, 111, 161, 
163, 169, 176-177 
organization of, 173-174 
Firefighting tools, see Equipment used in 
fire control 


Fire-line index, 138 
Fireman, 77, 86, 90, 92, 94, 153 
smokechaser, 84 , 94, 153, 162 
smoke-jumper, 94, 96 
Fire-occurrence map, 78 
Fire-resistant species, 19-20 
Fire-weather predictions, 43, 143 
Fire-weather stations, 47, 140-142 
Fishers, 269 

Flamethrowers, 109 , 121 
Floodlights, 104, 109 
Floods, 27, 281 
beneficial effects of, 293 
detrimental effects of, 292 - 294 , 299- 
300 

control of, 300-301 
due to beaver, 267-268 
Flying sciuirrels, 274 
Fog nozzles, 108, 168 
Fames root rot, 196 - 196 , 326 
control of, 196 

Forage, beneficial effect of fire to, 26, 29- 
30, 247-248 

effect on spread of fire, 26, 247 
injurious effects of fire to, 18, 26 
Forage plants, feeding value of, 242-243 
Forced burning, see Swamper binning of 
slash 

Force pump, 107 
Foreman, 174, 176 

Forest as a potential fuel, 39 - 41 , 113-114 
Forest as a protective agency, 27, 114, 

299-300 

Forest cover, influence on fire danger, 45, 

48-49 

Forest entomology, 237 
Forest fire insurance, 180-185 
rates of, 183-184 
Forest fire torches, 109 
Forest fires, see Fire 
Forest insurance other than fire, 185 
Forest land areas grazed by livestock, 242 
Forest laws, 62, 64 - 66 , 149 
Forest management, relation to forest 
protection, 1, 2, 3, 4, 6, 197 - 198 , 
202, 217, 219, 224 - 228 , 229, 233, 
235, 259-262, 287, 291, 295, 306, 
315 

Forest pathology, 186, 193, 202-203 
Forest protection, definition of, 1 
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Forest types, 25, 42, 91, 103, 105, 119, 
121, 124, 126, 139, 147, 157-159, 
167, 172, 177, 178 
influenced by fire, 25 
Forest vegetation as a protective agency, 
effectiveness lessened by fire, 
27 

Forest weeds, 186, 187, 203-207 
control of, by felling, 204 
by girdling, 206 , 206 
by grazing, 206 , 207 
by poisoning, 205, 206 
definition of, 203 

Forest zone, 295, 300, 303, 304, 305 
Form point, relation of, to wind resist- 
ance, 314 

Formaldehyde, 193 
Formic acid, 234 
Foxes, 274 

Frost, 190, 191, 281, 282 
detrimental effects of, 284-287 
control of, 287-288 
Frost canker, 284 
Frost crack, 286, 288 
Frost heaving, 284, 286 , 288 
Frost line, 287 
Frost pocket, 286-288 
Frost shake, 285 

Frozen soil, influence of, on injuries by 
atmospheric agencies, 286 , 286, 
290 , 296 

Frozen water, 281, 292 
beneficial effects of, 296 
detrimental effects of, 296-298 
control of, 305-306 
Fuel, classification of, 40-41, 113-118 
Fuel inflammability, 42, 44 - 49 , 118-119, 
126-127, 131 - 134 , 136, 138, 139 
Fuel mapping, 123-129 
by fuel types, 128-129 
fuel types in, 123-128 
of fire-control zones, 128 
use of forest types in, 124, 129 
Fuel moisture content, 41 - 46 , 47, 61, 
132-134, 141, 142 

methods of measuring, 44 , 134, 140-142 
Fuel reduction, 62, 100, 113 - 123 , 155 
and classes of fuels, 40-41, 113-118 
methods of, by broadcast burning 
methods, 120-122 
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Fuel reduction, methods of, by domestic 
grazing animals, 247-249 
by lopping, 122 
by lopping and scattering, 122 
by partial disposal, 122-123 
by piling and burning, 119-120 
by swamper burning, 120 
Fuel type, 91, 123 - 128 , 138, 139, 140, 
147, 159, 163, 167, 172, 177 
definition of, 125 

See also Fire-control zones; Forest 
types 

Fuel-moisture-indieator sticks, 44 , 134, 
140, 142 

Fuel-moisture scale, 141 
Fuel-type map, 79, 128-129 
Functional control line organization, 174, 
177 

Fungi, see Injurious plants 
Fungicides, 193 

Game, see Wildlife 
Game refuges, 261, 265 
Gasoline torch, 109, 166 
Get-away time, 91 
Girdling, by fire, 19, 20, 22 
by frost heaving, 286 
by fungi, 189 
by insects, 211, 234 
by lightning, 322 

by wildlife, 258, 267, 268, 269, 270, 272, 
273 

by wind, 314 

silvicultural methods of, 205-206 
use in controlling forest weeds, 204-206 
Glaze, injurious effects of, 297 
control of, 306 
Goats, 240, 244 , 254, 262 
Golden oak scale, 236 , 327 
Gooseberries, see Ribes 
Graders, 99, 106, 172 
Grass cover type, 124 
Gravely fire-line broom, 105, 106 
Gravity system, use in application of 
water, 167, 170 
Gray birch, 204, 227, 325 
Gray squirrel, 270 
Grazing, affected by fire, 26, 29-30 
beneficial effects of, 206-207, 245, 247 - 
248 
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Grazing, beneficial versus injurious effects 
of, 248-250 

in relation to fire control, 46, 115, 118, 
242, 243, 247 - 248 , 249 
in relation to forest injury by man, 10 
in relation to fungi and insects, 247 
injurious effects of, 243 - 247 , 295, 302, 
305, 306, 318 
control of, 250-255 
by exclusion of livestock, 250-252 
by regulation of allowed grazing, 
252-255 

returns from, versus tree crop produc- 
tion, 249-250 

Grazing damage, importance of, 1 
to forest reproduction, 243, 244 - 246 , 
251 

to soil, 243 - 244 , 301 
to trees past reproduction stage, 246- 
247 

Grosbeaks, 276 

Ground cover, living, as a potential fuel, 
40 

methods of disposal of, 115 

Ground fires, 36 - 37 , 38, 46 
control of, 124, 167, 176 
definition of, 35 
duff, 36 , 169, 176 
peat, 36 , 168, 169, 176 

Guard station, 140 

Gully erosion, 294, 302, 303-304 

Gutter, 172 

Gypsy moth, 9, 210, 211, 217, 218, 223, 
224, 225, 227, 228, 230 - 231 , 327 

Hail, 281 

detrimental effects of, 296-297 
control of, 306 

Hardwood forest types, 255 
Appalachian, 157 
birch-aspen, 25 
bottomland, 157 
central, 284 
Oklahoma, 157 
northern, 157 

Hardwoods, in relation to atmospheric 
agencies, 284, 286, 305, 312, 313 
in relation to fire, 20, 25, 28, 31, 37, 43, 
46, 48, 80, 124 

in relation to fungi, 189, 191, 195, 197 


Hardwoods, in relation to grazing, 243, 
245, 247 

in relation to insects, 211 
in relation to mistletoes, 192 
in relation to wildlife, 267, 275 
versus conifers, 20, 211, 275, 285, 286 
290, 297, 306, 313, 321 
Hare, snowshoe, 271 
Harrows, 99 
Hawks, 274 

Hazard, 78, 79, 100, 113, 119, 122, 169, 
185 

definition, in fire insurance, 181 
in forest fire control, 61 
Hazard index, 139 

Hazard reduction, see Fuel reduction 
Hazard table, 139 
Haze meter, 80 
Headlights, 109 
Headwaters, 293, 299 
Heart rots, wood-destroying, 187, 188 - 
189 , 190, 195, 203 
control of, 197-198 
importance of, 188 
in relation to fire scars, 191 , 192, 194 
Heat, see High temperatures 
Heat lesions, 281-282 
Held fire line, calculation of, 125, 163 , 172 
definition of, 162 

rates of production of, 126 , 172 , 174, 
176 

Helicopters, 96 , 177-178 
Hemlock, 267 

eastern, 20, 267, 268, 274, 290, 306, 325 
Hemlock borer, eastern, 290 , 327 
Herbaceous stage, 134 , 135, 137, 161, 163 
Hickory, 272, 284, 325 
High temperatures, 281-283 
Historic fires, 28 
Hoes, 106 , 165, 174 
Hogs, 240, 246 , 262 , 255 
Hog-tight fences, 252 
Holding fire lines, 171-176 
Hook Bill, 184 

Horses, 91, 96, 99, 173, 240, 264 
Hose, 107, 108, 167, 168-169 
Hour-control, 91 - 92 , 93, 125, 147, 168 
Hour-control map, 92 
Hour-control time, 92 
Human life, injury by fire, 28 
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Humidity, atmospheric, 42, 121 
cumulative relative, 134, 138-139 
relative, 42-43, 46, 48, 131, 133, 135- 
136, 138-140, 142, 163, 168, 178, 
288 

Humidity warrant, 73 
Humus, undecomposed, as a potential 
fuel, 40 

methods of disposal of, 115-117 
Hunting, see Shooting 
Hurricanes, 312-313 
Hydroplanes, 95 

Ice, 281, 292, 293 

detrimental effects of, 296-297, 299- 

300 

control of, 305-306 
Identifying wildlife injuries, 258, 270 
Ignition, 44, 61, 132, 164 
Illuminating gas, 320 
Improvement cutting, 313 
Incendiary fire zone, 57 
Incendiary fires, 52, 53, 54-56, 68 
definition of, 52 
prevention of, 65, 72-73 
Incensc-codar, California, 191, 325 
Indirect method of fire suppression, 164, 
166-167, 169, 175, 176 
Injurious agencies, asses, 240 
atmospheric, 5, 279-323 
avalanches, 27, 281, 292, 298-300, 306- 
306 

beaver, 258, 266-268 
birds, 217, 247, 258, 276-276 
burros, 240 
cattle, 240, 254, 262 
classification of, 5 
deer, 258, 262-266 
destructive logging, 11, 13-14 
diseases, 1, 9, 186-202, 209 
domestic grazing animals, 1, 5, 10, 240- 
266 

drought, 12, 281, 288-291 
elk, 262 

erosion, 24, 27, 281, 292, 294-296, 299- 
300, 302-304, 309-310, 318-320 
fire, 1, 5, 9, 16-28, 36-178, 187, 209 
floods, 27, 268, 281, 292-294, 299, 300- 

301 

forest weeds, 5, 186, 203-207 
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Injurious agencies, frost, 191, 281, 282 

284-288 

frost heaving, 284, 286, 288 
frozen water, 281, 292, 296-298, 299- 
300, 306-306 

fungi, 1, 5, 9, 186-202, 281-282 

goats, 240, 244, 254, 262 

grazing, see Domestic grazing animals 

hail, 281, 296-297, 306 

high temperatures, 281-283 

hogs, 240, 246, 262, 255 

horses, 240, 254 

ice, 281, 292, 293, 296-297, 299-300, 
305-306 

insects, 1, 5, 9, 209-237 
landslides, 27, 281, 292, 296-296, 299- 
300, 304-306 

lightning, 190-191, 281, 322-323 
man, 9-14, 198, 228 
mice, 258, 273-276 
mistletoes, 186, 188, 192-193, 202 
mules, 240 

plants, 5, 186-207, 275 
poisonous gases, 10, 281, 295, 320-322 
porcupines, 258, 268-270 
rabbits, 258, 270-272 
relative importance of, 2, 6, 17-18 
removal of litter, 10-11, 23 
rodents, small, 273-275 
sheep, 240, 244, 246, 252, 254, 268 
sleet, 292, 296-298, 306-306 
smoke, 10, 281, 320-322 
snow, 190, 281, 292, 296-297, 298, 306- 
306 

squirrels, 258, 270, 273-276 
swine, see Hogs 
trespassers, 10 
violent rainfall, 292 
water in excess, 267, 281, 291-306 
wildlife, 5, 10, 267-276 
wind, 39, 46-47, 209, 281, 309-320 
Injurious plants, 186-207, 209 
and fire, 17-18, 21-22, 187, 190-192,200 
and insects, 187 
definition of, 186-187 
epidemics of, 187, 188, 198 
forest pathology and, 186, 193, 202-203 
forest weeds, 186, 187, 203-207 
fungi, 186, 187, 188-202, 286, 290, 297, 
313 
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Injurious plants, fungi, beneficial effects 
of, 192 

branch cankers, 189 
branch stubs, 191, 192 
brown-spot needle disease, 30, 194 , 
326 

chestnut blight, 9, 187, 199, 202, 236, 
326 

control of, 193-202 
decay caused by, 188, 191, 192 
damping-off disease, 190, 193, 281- 
282 

detection of, 191 
Fames root rot, 196 - 196 , 326 
fungicides for, 193 
heart rots, 187, 188 - 189 , 190, 195, 
197 - 198 , 203 
injuries from, 188-190 
larch canker, 202 , 326 
logging slash and, 192, 197-198 
methods of entrance of, 189, 190 - 
192 , 194 
molds, 190 

mottled bark disease, 191 , 326 
Nectria canker, 189, 195, 197, 326 
parasitic, 188, 190 
relation to atmospheric agencies, 
190, 191 

relation to fire injuries, 151, 190, 191, 
192, 194, 198 

relation to grazing injuries, 247 
relation to insect injuries, 190, 191, 
192, 212 

relation to logging injuries, 13, 190 
relation to pruning, 190-191 
relation to virgin forests, 189, 197,203 
root rots, 189, 190, 196 - 196 , 290 
saprophytic, 188, 194 
shoestring root rot, 290 , 326 
stem cankers, 189, 190 
Strumella canker, 189, 195, 197, 326 
tympanis canker, 194 , 326 
white pine blister rust, 199 - 201 , 326 
Woodgate gall rust, 196 , 326 
mistletoes, 186, 187, 192 - 193 , 202 , 269, 
326 

mycorrhiza, 192 
Ribes, 30, 199 - 201 , 275 
relation to white pine blister rust, 199 
sprouts, susceptible to decay, 194 


Injurious plants, tree diseases, character 
of injury from, 187-188 
definition of, 186-187 
diagnosis of, 191 
introduced, control of, 198-202 
relation of man to, 9-10, 187, 198 
needle, 190 
nursery, 190, 193 
quarantine against, 10, 202 
sanitation clause and, 194-195, 202 
sanitation cutting, 195, 197 
Insect epidemics, 210, 211, 213, 229 
Insect prevention, 216, 236-237 
Insects, 187, 209 - 237 , 286, 290, 313 
and fire injuries, 17-18, 21, 151, 209, 
211 

and fungal injuries, 190, 191, 192, 212 
and grazing injuries, 247 
and logging injuries, 13 
aphids, 235 

bark beetles, 21, 31, 211, 212, 214, 219 - 
221 , 223, 224, 225, 231-232 
borers, 211, 212 , 217, 222, 225, 226, 
235, 290 

causes of attack by, 214-215 
calosoma beetle, 218 , 327 
character of injury by, 210-212 
physiological, 211 
technical, 211 
classification of, 213 
control of, by application of chemicals, 
223 - 224 , 228, 230, 234, 235 
by collecting or trapping, 224 , 231 
by exposure to sun, 220 
by fire, 31, 220 , 222, 228 
by forest management, 216, 224 - 
228 , 229, 233, 235-236 
by natural enemies, 217 - 218 , 221 
birds, 217, 218, 275, 276 
diseases, 217, 218 
other insects, 217, 218 , 228, 229 
small rodents, 274 
by quarantine, 10, 228-229 
by removal of bark, 220 
by spraying with oil, 220 
by treatment of infested trees, 219- 
221, 222-223 

by treatment of slash and stumps, 
221-222 
cut-worm, 210 
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Insects, damage done by, 18, 209 
defoliating, 211-214, 224, 229-231 
detecting presence of, 230, 236-237 
endemic stage of, 210, 216 
epidemic stage of, 210, 211, 217, 226, 
229 

European spruce sawfly, 217, 218 , 228, 
327 

fir tussock moth, 223 , 327 
golden oak scale, 236 , 327 
gypsy moth, 9, 210, 211, 217, 218, 223, 
224, 225, 227, 228, 230 - 231 , 327 
in nurseries, 211, 223, 224, 233-234 
introduced by man, 9, 217, 218, 228 - 
229 , 230, 236 
Japanese beetle, 234 , 327 
larch sawfly, 274 , 327 
leaf-eating, 211-214, 224, 229-231 
locust borer, 217, 235, 327 
May beetle, see White grubs 
meristematic-tissue feeders, 213, 231 - 
235 

mound-building ants, 234-236, 327 
mountain pine beetle, 224, 327 
pales weevil, 217, 226-227, 232-233, 
327 

pandora moth, 212 , 327 
parasitic, 213, 217 - 218 , 229, 230 
pine sawyer, 236 , 327 
predators, 213, 217 - 218 , 229, 230 
relation to climate, 215-216, 221 
root-feeding, 223, 233-234 
sap-sucking, 211, 213, 236-236 
scale, 212, 236-236 
southern pine beetle, 221 , 327 
spruce bud worm, 212, 217, 229 - 230 , 327 
tip-feeding, 222-223 
western pine beetle, 231 - 232 , 327 
white grubs, 223, 233 - 234 , 327 
white pine weevil, 210, 222, 227 - 228 , 
327 

wood-destroying, 213, 214, 236 
Insecticides, 223 - 224 , 228, 230, 233, 234, 
235 

Instrument shelter, 141, 142 
Instruments, meteorological, 140-142 
Introduced forest insects, 9, 217, 218, 
228 - 229 , 230, 236 

Introduced tree diseases, 9, 187, 199, 201 
control of, 198-202 
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Inundation-resistant trees, 301 

Jack pine, 157, 230, 274, 282, 319, 320, 
325 

Japanese beetle, 234 , 327 

Kerosene torch, 109 
Kindling temperature, 45 

Landslides, 27, 281, 292 
detrimental effects of, 296-296, 299- 
300 

control of, 304-305 
Lanterns, 109 
Larch, 157, 274 
eastern, 202 , 325 
western, 127, 272, 325 
Larch canker, 202, 326 
Larch sawfly, 274 , 327 
Late spring frost, 284-285, 287 
Law enforcement in fire prevention, 62, 
64 - 66 , 67, 72-73, 86 
Lead arsenate, 228 

Leaf-eating insects, 211-214, 224, 229 - 
231 

Length of day, effect on fire danger, 134 , 
135 

Lesions, bark, 297 
heat, 281-282 

Let-burn fire-control policy, 161 , 152 
versus tight fire-control policy, 152- 
153 

Lethal temperature, 19 , 281 
Light burning, 115-116 
Light cutting, 316 
Lighting equipment, 104, 109 , 178 
Lightning, direct injurious effects of, 281, 
322-323 
control of, 323 

indirect injurious effects of, 63-67, 190, 
191 

Lightning fires, 53, 55, 66 - 67 , 61, 75, 117 , 
131, 135, 136, 154, 323 
definition of, 52 
Lightning fire zones, 57 
Lightning scar, 323 
Limber pine, 322 , 325 
Lime, hydrated, 266, 271 
Linebuilder, Michigan, 106 
Liquid-gas torch, 109 
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Litter, forest, els a potential fuel, 40, 119 
methods of disposal of, 115-117 
Litter removal, by fire, injurious effects 
of, 23 

by man, injurious effects of, 10-11 
Live burning, see Swamper burning of 
slash 

Live stock industry, relation to forestry, 
72, 240 - 242 , 254-255 
Loblolly pine, 28, 31, 157, 303, 323, 326 
Locating fires, methods of, 82 - 83 , 84 
Locomotive spark arresters, 68-70 
Locomotive sparks, 68-70 
Locust, black, 235, 284, 303, 319, 320, 325 
Locust borer, 217, 235, 327 
Lodgepole, pine, 127, 157, 220, 272, 321, 
322, 326 

Logging damage, 13 , 190 
prevention of, 13 - 14 , 296 
Logging operator’s permit, 66, 72, 143 
Logging slash, as a potential fuel, 30, 41 , 
100, 113 

beneficial effects of, 118 
methods of disposal of, 118-123 
by broadcast burning, 120-122 
by center burning, 120-121 
by lopping, 122 
by lopping and scattering, 122 
by partial disposal of, 122-123 
by piling and burning, 119-120, 122 
by progressive strip burning, 121 
by spot burning, 121-122 
by swamper burning, 120 
relation of, to diseases, 192, 198 
to insects, 221-222 

Longleaf pine, 21, 23, 28, 29, 30, 31, 107, 
116, 117, 136, 141, 157, 174, 194, 
206, 245, 248, 252, 326 
Lookout fireman, 77, 85 , 94 
Lookout observer, 77, 81 - 84 , 94, 111 
Lookout stations, 77, 81 , 89, 94, 135, 140 
equipment for, 78, 80, 81 - 84 , 104 
primary, 77 , 79 , 81, 84, 85, 94 
secondary, 77 , 79 , 80, 85 
selecting location of, 77-79 
Lookout system, 77-84 
factors affecting efficiency of, 79-80 
versus aerial patrol, 86-87 
versus ground patrol, 85 
Lopping and scattering of slash, 122 


Lopping of slash, 122 
Low thinning, 305 
Lumbering fires, 53, 55, 56, 68 
definition of, 52 
prevention of, 73 , 143, 149 
Lumbering fires in relation to erosion, 295 
Lumbering in relation to fire danger, 118 
Lynx, 273 

Magnesium, 29 
Magnesium fluoride, 83 
Man, in relation to injury to forest, 9, 61 
relation of, to forest injury by atmos- 
pheric agencies, 10, 12 
to forest injury by domestic grazing 
animals, 10 

to forest injury by fire, 9, 53, 61 
to forest injury by insects, 9, 217, 
218, 228 - 229 , 230, 236 
to forest injury by plants, 9, 187, 
198-202 

to forest injury by wildlife, 10 
to introduced beneficial insects, 217- 
218 

Man-caused fires, 9, 53, 61 , 62, 66 , 75, 155 
prevention of, 51, 60 - 74 , 84, 110, 111, 
143, 150-152, 161 

Man-power needed in fire suppression, 
123, 132, 135, 143, 161 - 163 , 176 - 
177 

Man-power tables, 162-163 
Map, fire-danger, 79 
fire-occurrence, 79 
fuel-type, 79, 128-129 
hour-control, 92 
risk, 67 

seen-area, 78-79 
Maple, 270 
red, 286 , 325 
sugar, 246, 268, 284, 325 
Massachusetts brushbuster tank truck, 
106, 108 , 169 
Mathis plow, 166 
Mattocks, 106 

Mature timber, wind injury to, 316 , 318 
May beetles, see White grubs 
McLeod tool, 105 

Mechanical equipment, see Equipment 
used in fire control 

Meristcmatic-tissue insects, 213, 231-236 
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Meter, burning-index, 137-138 
dispatching, 138 
fire-danger, 136 - 138 , 163 
fire-line, 138 
haze, 80 

preparedness, 137 
rate-of-spread, 138 
Mice, 258, 273-276 
beneficial effects of, 274r-275 
injurious effects of, 273-275 
control of, 274 - 276 , 276 
Michigan linebuilder, 106 
Middlebuster plow, 175 
Minimum cost fire-control policy, 151 
Minimum damage fire-control policy, 155 
Miscellaneous fires, 53, 55-56, 68 
definition of, 52 
prevention of, 73-74 
Mistletoes, 186, 187, 269, 326 
injurious effects of, 192-193 
control of, 202 , 269 
relation to reproduction, 202 
Mixed stands, 3 - 4 , 12, 197, 215, 225, 226, 
235, 243, 245 
Moldboard, 173 
Molds on nursery stock, 190 
Moles, 274 

Mopping-up, 92, 169, 171, 176-176 
Mop-up time, 92 

Moss, as a potential fuel, 40, 126-127, 
139 

methods of disposal of, 117 
Moth, fir tussock, 223 , 327 
gypsy, 9, 210, 211, 217, 218, 223, 224, 
225, 227, 228, 230 - 231 , 327 
pandora, 212 , 327 
Mottled bark disease, 191 , 326 
Mound-building ants, 234 - 236 , 327 
Mountain lion, 265, 269 
Mountain pine beetle, 224 , 327 
Mulch, 320 
Mules, 240 
Mycorrhiza, 192 

National forest fire-control plans, 148 
National forest fire-control policy, 161 - 

164 , 163 

Natural reproduction, protection of, 283, 
287 

Natural reproduction assisted by fire, 28 
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Nectria canker, 189, 326 
control of, 195, 197 
Needle diseases, 190 
Nitrate nitrogen, 275 
Nitrogen, 23, 29 
Noncommercial forest type, 157 
Nonpreventable fires, 63 , 61, 73 
North wind, 46 

Northern white pine, see Eastern white 
pine 

Northi^n white-cedar, 263, 265, 274, 326 
Norway pine, see Red pine 
Norway spruce, 196, 274, 282, 326 
Nurse crop, 227, 228, 288, 319 
Nurseries, 282, 283, 285, 287-288 
diseases in, 190, 193 
insects in, 211, 223, 224, 233-234 
wildlife damage to, 271, 273, 274, 276 

Oak, 31, 189, 243, 245, 272, 284, 286, 290 
black, 286, 290, 325 
chestnut, 236, 290, 325 
red, 290, 325 
scarlet, 286, 290, 325 
white, 290, 325 

Observations at fire-danger station, 1 42 
Oil-burning locomotives, 68 
One-lick method of fire-line construction, 
173 

Organization of firefighting crews, 173 - 
176 , 176, 177 

Osborne fire finder, 82, 83 
Owls, 274 

Pales weevil, 217, 226-227, 232 - 233 , 327 
Panama pump, 108 
Pandora moth, 212 , 327 
Panoramic pictures, 83 
Parallel method of fire suppression, 164 - 
166 , 175, 176 
Parasitic fungi, 188, 190 
Parasitic insects, 213, 217 - 218 , 229, 230 
Partial cutting, 114, 122, 283, 287, 291 
Partial disposal of slash, 122-123 
Patrol, see Fire patrol 
Patrol time, 92 
Patrolman, fire, 64, 85 
Paving, 304 

Peat fire, 36 , 168, 169, 176 
Percolation, 292, 295, 296, 300, 301 
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Perimeter of the fire, 38-39, 92, 125, 126, 
162, 163 

Periodic burning, 115-117 
Permit, brush-burning, 66, 67, 71 , 143 
camp fire, 66, 67, 70 , 143 
logging operator’s, 66, 73 , 143 
Personnel, fire-control, 110-111 
Peshtigo fire, 28 
Phosphorus, 23, 29 
Photo-recording transit, 83 
Photosynthesis, affected by atmospheric 
impurities, 321 

Physiological injury, by insects, 211 
by plants, 188 

Piling and burning of slash, 119 - 120 , 122 
Pine, 31, 167, 158, 166, 169, 267, 276 
chir, 30, 117, 325 
Corsican, 314 , 325 

eastern white, 25, 191, 196, 199, 200, 
201, 203, 204, 222, 226, 227, 232, 
236, 274, 282, 325 

jack, 167, 230, 274, 282, 319, 320, 325 
limber, 322, 326 

loblolly, 28, 31, 157, 303, 323, 326 
lodgepole, 127, 157, 220, 272, 321, 322, 
326 

longleaf, 21, 23, 28, 29, 30, 31, 107, 116, 
117, 136, 141, 167, 174, 194, 206, 

245, 248, 262, 326 
pitch, 320, 326 

ponderosa, 31, 80, 122, 124, 157, 192, 
204, 212, 221, 226, 231, 232, 245, 

246, 249, 250, 251, 269, 319, 323, 
326 

red, 157, 194, 274, 282, 319, 320, 326 
sand, 167 , 326 

Scotch, 12, 196, 274, 314, 319, 320, 326 
shortleaf, 28, 157, 245, 303, 323, 326 
slash, 31, 136, 167, 326 
sugar, 124, 199, 326 
western white, 30, 120, 126, 127, 135, 
162, 166, 157, 169, 191, 199, 200, 
201, 224, 276, 326 
Pine sawyer, 236, 327 
Pine squirrel, 276 
Piston pump, 107 
Pitch pine, 320, 326 
Plant diseases, see Injurious plants 
Plantations, 194, 196, 222, 228, 233, 234, 
271, 273, 274, 276, 298, 300 


Planting, 302, 303, 304, 319, 320 
beneficial effects of fire on, 28 
control measures to avoid injuries by 
atmospheric agencies to, 283, 288, 
291 

dangers from, 12 , 196, 196 
Plow units, 174-175 
Plows, 99, 106, 109, 166, 172, 173, 174 
Plunger pump, 107, 108 
Poisoning, of forest weeds, 200, 206 
methods of, 206 
of fungi, 193 
of insects, 223-224 
methods of, 223 - 224 , 228, 230, 234, 
235 

of wildlife, 260, 269-270, 271, 274 
methods of, 269-270, 274 
Poisonous gases, 281, 295, 320-322 
in relation to forest injury by man, 10 
injurious effects of, 320-321 
control of, 321-322 
susceptibility to injury by, 322 
Pollarding, 301 
Pollution of watersheds, 244 
Ponderosa pine, 31, 80, 122, 124, 167, 
192, 204, 212, 221, 226, 231, 232, 
245, 246, 249, 250, 251, 269, 319, 
323, 326 

Poplar, yellow, 20, 243, 284, 326 
See also Aspen; Cottonwood 
Porcupines, 258, 268-270 
beneficial effects of, 269 
injurious effects of, 268-269 
control of, 269-270 
Potash, 23 
Potassium, 29 
Potholes, 286 

Power equipment versus hand labor in 
fire line construction, 172-173, 
174-175 

Power pumps, 107, 167, 168, 169 
Power saws, 106, 117 
Precipitation, 310, 313 
beneficial effects of, 291 
influence on forest fire danger, 42, 66, 
133, 136, 139, 140, 142 
See also Drought; Water, in excess. 
Predacious insects, 213, 217 - 218 , 229, 230 
Preparedness index, 137 
Preparedness meter, 137 
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Prescribed burning, application of, in fire 
control, 30, 116-117 
in disease control, 30 , 194, 201 
in range management, 29 - 30 , 247 
in silvicultural practice, 28-29, 31 
in wildlife management, 29 
Prescribed burning, benefits of, 31 
costs of, 31 
definition of, 32 
Presuppression, 76 - 169 , 161 
definition of, 60 

Presuppression activities, communica- 
tion system, 89-90 
detection of fires, 76-87 
equipment, 103-109 
firebreaks, 97-100 
fire-control objectives, 155-159 
fire-control policy, 146-165 
fire-danger rating, 131-144 
fuel-mapping, 123-129 
fuel-reduction, 113-123 
personnel, 110-111 
transportation system, 90-96 
Pressure fog, 108, 168 
Pressure torches, 109 , 166 
Preventable fires, 63, 61 
Prevention, disease, 202-203 
fire, 60-73 

in relation to forest protection, 6-7 
insect, 209, 216-217, 236-237 
Primary lookout station, 77 , 79 , 81, 84, 
85, 94 

Productive power of the forest, injury by 
fire to, 24r-25 

relation of forced cutting to, 25 
relation of reduction in stocking to, 
25 

relation of replacement of good by poor 
species to, 2-4-25 

Progressive burning, see Swamper burn- 
ing of slash 

Progressive method of fire-line construc- 
tion, 173 - 174 , 175 

Progressive set-up method of fire-line 
construction, 174 

Progressive strip burning of slash, 121 
Property damage by fire, 27 
Protection forests, 251, 306 
Protection to lands outside the forest, 
299-300 
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Protractor, 84 
Pruning, 305 
danger from, 191-192 
Psy chrome ter, 139 
fan, 141, 142 
Pulaski tool, 106 , 174 
Pumps, 107 - 109 , 167-170, 175, 200, 220 
Pure stands, 3 - 4 , 12, 197, 211, 215, 226, 
243 

Quail, 29 

Quarantine against plant and insect 
pests, 10, 202, 228-229 

Rabbits, 258, 270-272 
injurious effects of, 270-271 
control of, 271-272 
Radio, 85, 90 , 111, 143, 178 
Railroad fires, 52, 53, 65, 56, 67 , 68 
definition of, 52 
prevention of, 68 - 70 , 97 
by maintenance of noninflammable 
right-of-way, 70 , 101 
by use of nonspark-casting fuels, 68 
by use of spark-arresting devices, 
68-70 

Railroad signal fusee, 109 
Rain gauge, 139, 141, 142 
Rainfall, violent, 292 
Rainfall tables, 139-140 
Rakes, 105 

Raking equipment, 105-106 
Ranger stations, 140 
Ranger’s Pal plow, 106-107, 174-176 
Rate-of-spread index, 138 
Rate-of-spread meter, 138 
Raw humus, removal by fire, 29 
Reclamation of wind erosion areas, 318- 
320 

Recovery from browsing damage by 
domestic animals, 245 
Recreational values, injury by fire, 18, 26 
Red belt injury, 286 , 290 
Red maple, 286 , 325 
Red oak, 290 , 325 

Red pine, 157, 194, 274, 282, 319, 320, 326 

Red spruce, 212 , 326 

Red squirrel, Richardson, 270, 272, 276 

Redwood, 25, 72, 326 

Reforestation, 299, 300, 302, 306 
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Reinforcements in fire suppression, 161- 
163 

Relative humidity, cumulative, 134, 138- 
139 

definition of, 42 

influence on fire danger, 42 - 43 , 46, 48, 
131, 132-133, 135-136, 139-140, 
142, 163, 168, 178 
relation of, to air temperature, 42 
to atmospheric agencies, 288 
Release cutting, 207 
Repellent compounds, wildlife, 266, 271 
Report time, 91 
Reservoirs, 99, 244, 300, 301 
Resistance to fire, relation of bark char- 
acter to, 19-20 

Restrictive regulations, 66-67, 70-72 
RiheSj eradication costs of, 200 

eradication methods, 30, 200 - 201 , 275 
by application of chemicals, 200 
by manual methods, 200, 20 1 
relation to white pine blister rust, 199 
Rich tool, 105 

Right-of-way, effect on erosion, 295 
railroad, 62, 70 , 97, 99-101, 113 
Risk, 76, 78, 100, 117, 137, 155, 182, 
183 

definition of, in fire insurance, 181 
in forest fire control, 61 
Risk factor, 78 
Risk map, 67 

Risk-occurrence zone, 67, 85 
Risks of ignition, 61, 132 
Road system, 94 , 97, 100, 225, 230, 266, 
302-303 

Road-building equipment, 96 
Rocky Mountain mule deer, see Deer 
Rodents, small, 273-275 

beneficial influence of, 274-275 
injurious influence of, 273-274 
control of, 28, 274 - 275 , 276 
Root injury by atmospheric agencies, 
285, 286, 289, 297, 311, 313, 323 
Root rot, 189, 190, 195-196, 290 
control of, 196 
FomeSf 195 — 196 , 326 
shoestring, 290 , 326 
Rootball, 314 

Root-feeding insects, 223, 233-234, 290 
Rotary fire mop, 106 , 171 


Rotary fire pump, 107 , 108 
Rotation, in relation to atmospheric 
agencies, 291, 316-317, 318 
in relation to fire, 25, 115 
in relation to grazing, 251 
in relation to heart rots, 197 
in relation to insect control, 225-226, 
230 

in relation to mistletoes, 192-193 
Rotation grazing, 253 
Rot, heart, 187, 188 - 189 , 190, 195, 197 - 
198 , 203 

root, 189, 190, 196 - 196 , 290 
Rough, 117 

Running crown fire, 37 , 47, 176 
Rust, white pine blister, 199 - 201 , 326 
Woodgatc gall, 196 , 326 
Rust diseases, 189 

Rye, planting of, in wind-erosion control, 
320 

Safety strip, 101 
Salting grounds, 253 
Salt-water damage, relation to atmos- 
pheric agencies, 311-312 
Salvage operation, 21-22, 229 
Sand dunes, 167 , 326 
Sand pine, 167 , 326 
Sanitation clause, 194-195, 202 
Sanitation cutting, 195, 197 
Santa Ana, 46 
Saprophytic fungi, 188, 194 
Sapsuckers, 275 

Sap-sucking insects, 211, 213, 236-236 
Sawfly, European spruce, 217, 218 , 228, 
327 

larch, 274 , 327 
Saws, 106 , 117 
Sawyer, pine, 236 , 327 
Scale, foe-danger, 136 , 136, 138, 139 
fuel-moisture, 141 
golden oak, 236 , 327 
Scale insects, 212, 236-236 
Scarlet oak, 286, 290, 325 
Scenic values, injury by foe, 18, 26 
Scotch pine, 12, 196, 274, 314, 319, 320, 
326 

Scouting on foes, 177-178 
Season of year, relation to foe danger, 
134 , 135, 136 
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Second growth forests, in relation to fire 
control, 155 

in relation to forest protection, 1 
in relation to fungi, 189-190, 203 
in relation to insects, 209, 212 
Secondary lookout station, 77, 79, 80, 85 
Sector method of fire-line construction, 
173 

Seed, danger from use of improper, 12, 
196 

Seed destruction by wildlife, 272, 273, 275 
Seed tree cutting method, 201, 317 
Seed trees, in relation to heart rot fungi, 
198 

in relation to mistletoes, 202 
Seedbed conditions, 28-29, 31, 115, 245, 
246, 309 

Seen-area map, 78-79 
methods of making, 78 
Selection cutting method, 265, 283, 301, 
305, 318 

single-tree, 262, 306 
Selection forests, 251 
Selective browsing, 243, 245, 263, 271 
Shallow-rooted species, 313, 317 
Sheep, 240, 244, 246, 252, 254, 268 
Sheet erosion, 294, 302 
Shelterwood cutting method, 223, 283, 
287, 317 

Shifting sands, 27, 310, 319-320 
Shoestring root rot, 290, 326 
Shooting, control of wildlife by, 260, 265, 
268, 269, 272, 273, 276 
Shortleaf pine, 28, 157, 245, 303, 323, 
326 

Shovels, 106, 170, 174 
Shrews, 274 

Silting up of reservoirs, 99, 300, 301 
Silviculture, relation to protection, 1, 2, 
4, 12, 49, 194-195, 229, 261-262 
Single-tree selection cutting method, 262, 
306 

Slash, see Logging slash 
Slash disposal laws, 118-119 
Slash pine, 31, 136, 157, 326 
Slashbuncher tractor, 122 
Sledge hammers, 105 
Sleet, 292 

injurious effects of, 296-298 
control of, 305-306 
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Slope, influence of, on fire danger, 47-48, 
126-127, 134, 141, 166, 178 
on injury by atmospheric agencies, 
295, 296, 298, 299, 301, 302, 304, 
306, 310 
Slope slides, 306 
Small rodpnts, 28, 274-276 
Smelter fumes, 320-321 
Smith-Indian back-pack pump, 107 
Smoke, 281, 320-322 
in relation to forest injury by man, 10 
in relation to visibility, 79-80 
injurious effects of, 320-321 
control of, 321-322 
susceptibility to injury by, 322 
Smoke, small, 80, 84 
standard, 80 
Smoke bomb, 80 
Smoke candle, 80 
Smokechaser, 84, 94, 153, 162 
Smoke-jumper, 94, 96 
Smoker fires, 52, 53, 54, 55, 56, 68 
definition of, 52 

prevention of, 58, 62, 63, 66, 67, 71, 143 
Smoking, restrictions to, 66, 67 
Snag-felling law, 117 
Snags, as a potential fuel, 40-41, 105, 
126-127, 172, 175 
hazard, 113 

methods of disposal of, 31, 117 
Snow, beneficial effects of, 286, 296 
in relation to fungi, 190 
injurious effects of, 296-298, 313 
control of, 305-306 
Snowbreak, 296-297 
Snow-crushing, 296-298 
Snow-damage zones, 305 
Snowshoe hare, 271 
Sodium arsenite, 206 
Sodium chlorate, 200 
Softwoods, see Conifers 
Soil, application in fire suppression, 165, 
170, 174 

equipment for, 106 

beneficial effects to, of domestic graz- 
ing animals, 245 
of fire, 23, 29 

injurious effects to, of domestic grazing 
animals, 244 
of fire, 22-24, 117 
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Soil, injurious effects to, of man, 11, 13 
of water in excess, 291-298, 299-300 
of wildlife, 267-268, 275 
of wind, 309-311, 316 
Soil acidity, 29, 310 
Soil bacteria, 310 
Soil fauna, 310 
Soil formation, 172, 294, 310 
Soil fixation, 305, 318-320 
Soil moisture, 44, 286, 288, 291, 293, 295, 
310, 313, 320 

Soil temperature, 281, 320 
Solar radiation, 47, 48, 127, 134, 142, 220, 
281, 282, 283, 311, 321 
Soot, 320 

Southern pine beetle, 221 , 327 
Spark arresters, 68-70 
Spinning firemen method of fire-line con- 
struction, 174 

Spot burning of slash, 121-122 
Spot fire, 38, 39, 175 
Sprouts, susceptibility of, to decay, 194 
to frost injury, 285 
Spruce, 157, 313 
black, 267, 326 

Engelmann, 246, 282, 322, 326 
Norway, 196, 274, 282, 326 
red, 212 , 326 
white, 274 , 326 

Spruce budworm, 212, 217, 229 - 230 , 327 
Squirrels, 258, 270, 272-273 
beneficial effects of, 272-273, 275 
flying, 274 
gray, 270 

injurious effects of, 272-273, 276 
control of, 273 
pine, 275 

red, Richardson, 270, 272, 276 
Stagheaded trees, 246, 311 
Staminate flowers in relation to spruce 
budworm, 230 
Starlings, 276 
State fire control, 149 
Stations, fire-danger, 104, 140-142 
guard, 140 

lookout, see Lookout system 
ranger, 140 
Statistical fires, 35 
Stem cankers, 189, 190 
Stem lesions, see Heat lesions 


Stem rusts, see Stem cankers 
Stereoscope, 83 

Sticks, fuel-moisture-indicator, 44 , 134, 
135, 140-141, 142 
Straw-boss, 174, 176 
Stream flow, 27 

Strip cutting method, 283, 287, 318 
Strumella canker, 189, 326 
control of, 195, 197 
Strychnine, 270, 274 
Sugar maple, 247, 268, 284, 325 
Sugar pine, 124, 199, 326 
Sulphur dioxide, 320 
Sulphuric acid, 193 
Sun glasses, 83 
Sunscald, 282, 285 

Supplies, see Equipment used in fire 
control 

Surface conditions, relation to spread of 
fire, 47, 48 

Surface fires, 26, 37 , 38, 46, 47, 115, 124 
control of, 174, 176 
definition of, 35 

Surface runoff, 27, 292, 293, 301, 302, 
304 

Swamper burning of slash, 120 
Swamp lands, 293-294, 295, 301 
Swine, see Hogs 
Sycamore, American, 284 , 326 
Synklor dust, 234 

Tables, burning-index, 137 
Canadian fire-danger, 134, 139-140 
dispatching, 162-163 
drought, 139-140 
dry-weather, 139-140 
hazard, 139 
man-power, 162-163 
rainfall, 139-140 

Tank trucks, 107, 108 , 167-169, 176 
Technical injury, by insects, 211 
by plants, 188 
Telephones, 81, 85, 89-90 
grounded line system, 90 
metallic circuit system, 90 
Temperature, high, 281-283 

direct injurious effects of, 281-282 
control of, 283 

influence on fire danger, 42, 48, 133 , 
139, 142 
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Temperature, kindling, 45 
lethal, 19 , 281 
low, 290 
See also Frost 
Terraces, 304-305 
Thallium sulphate, 274 
Thawing, influence on winter injuries, 
286 

Thermal belt, 47 
Thermometer, 142 

Thinning, 12, 194, 196, 201, 225, 228, 230, 
235, 262, 291, 305, 317 
by fire, 31 
by fungi, 190 
by insects, 212, 232 
Timberline, 298, 306 
Time of day, influence of, on fire danger, 
142, 178 

on fire fighting, 178 

Time standards, see Elapsed-time stand- 
ards 

Tip-feeding insects, 222-223 
Tool box, 103 

Tools, see Equipment used in fire control 
Topographic influence, on fire danger, 
47 - 48 , 61, 138, 141, 161, 167, 172 
altitude, 47 , 141 
aspect, 47 - 48 , 141 

slope, 47 - 48 , 126-127, 134; 141, 166, 
178 

surface conditions, 47, 48 
on injury due to water in excess, 292, 
294, 295 

on winter injuries, 286 
Torches, 109 , 121, 167 
Tornadoes, 312, 316, 318 
Torrents, 302 
Tower man, 77 

Tractor logging, injurious effect on soil, 13 
Tractors, 13, 96, 99, 107, 122, 169, 170, 
173, 175 

Tractor-tanker, 108 
Trail system, 93 - 94 , 97, 100, 302 
Trailers, 96, 107, 109, 168, 169, 173 
Trailmobile, 96 

Transpiration, affected by atmospheric 
impurities, 321 

influence of, on atmospheric humidity, 
48 

on drought injury, 290 
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Transpiration, influence of, on wind in- 
jury, 312 

on winter killing, 285, 290 
Transportation, 86, 90 - 96 , 110 
adequate, 90-91 
elapsed-time standard of, 92 
Transportation equipment, 94-96 
Transportation planning, 90-94 
Transportation system, 92, 93, 94, 97, 
100, 132, 155, 161, 167 
Trapping, control of wildlife by, 260, 268, 
270, 271, 273 
of insects, 224 , 231 
Travel time, 92 , 138 
Tree crop production, returns from, 
versus grazing, 249-250 
Tree diseases, see Injurious plants 
Tree poisoning tool, 206 
Trenchers, 106 , 172 
Trenches, in fire suppression, 176 
terrace, 304-305 
Trespass, 10 

Truck logging, injurious effects on soil, 13 

Truck roads, 94, 96 

Truck transportation, 96, 107 

True mistletoes, see Mistletoes 

Tunnels, 303 

Turkey, wild, 29 

Two-foot method of fire suppression, 

164 - 166 , 175, 176 
2,4-D, 100 

Tympanis canker, 194 , 326 
Type, fire, 25 

forest cover, 25, 91, 103, 105, 120, 121, 
124, 125, 126, 127, 128, 129, 139, 
147, 157, 158, 159, 167, 172, 177, 
178 

fuel, 91, 123-128, 138, 139, 140, 147, 
159, 163, 167, 172, 177 

Underbrush as a potential fuel, 40 
methods of disposal, 114-115 
Unevenaged versus evenaged stands, 3 - 4 , 
12, 197, 313, 315, 317, 318 
Unknown fires, 53, 55, 56 
definition of, 52 

Uprooting damage by domesitc grazing 
animals, 245 

Utilization, effects on slash disposal, 118 
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Vegetation, condition of, see Herbaceous 
stage 

Virgin forests, in relation, to fire control, 
93, 156 

to forest protection, 1-2 
to fungi, 189, 198, 203 
to insects, 209, 212, 215, 221 
to wildlife, 258 

Visibility, 79-80, 132, 135, 136, 137 
factors affecting, 79-80 
methods of measuring, 80 

Walls, retaining, 303, 304, 306 
stone, 302, 304 

Water, application in fire suppression, 
167-170, 173, 175, 176 
equipment for, 104, 107-108, 167- 
170 

in excess, 267-268, 281, 291-306 
beneficial effects of, 293 
injurious effects of, 291-300 
control of, 300-306 
Water bags, 107 
Water cans, 107 
Water holes, 108 
Water table, 170 
Watering places, 253 
Watershed protection, 99, 148, 244, 293, 
299-301 

Weapons-carrier tanker, 108 
Weasels, 274 

Weather, relation of, to fire danger, 6, 
147, 167, 178 

to insect and fungal attacks, 6 
Weather cycles, 151-152 
Weather elements controlling fuel mois- 
ture, 41-44, 46, 47, 61, 132-134, 
138-141 

air temperature, 42, 48, 133, 139, 142 
depression of dew point, 44 
duff temperature, 44, 48 
evaporation, 44, 45, 46, 48, 133, 139 
precipitation, 42, 44, 133, 139, 140 
relative-humidity, 42-43, 46, 48, 131, 
133, 135-136, 138-140, 142 
soil moisture, 44 

solar radiation, 47, 48, 127, 134, 142 
wind, 42, 46-47, 48, 61, 131, 133, 136, 
136, 140, 141, 142, 144, 178 
Weather forecasts, 43, 133, 136, 138 


Wedges, 105 

Weed trees, value to wildlife, 262 
Weeding, 207, 271 

Weevil, pales, 217, 226-227, 232-233, 327 
white pine, 210, 222, 227-228, 327 
Well digger, 107, 170 
Western juniper, 322, 325 
Western larch, 127, 272, 325 
Western pine beetle, 231-232, 327 
Western white pine, 30, 120, 126, 127, 
135, 152, 156, 157, 159, 191, 199, 
200, 201, 224, 275, 326 
Wetting agents, 168 
White fir, 191, 325 
White grubs, 223, 233-234, 327 
White oak, 290, 325 
White pine blister rust, 199, 326 
control of, 199-201 

Wliite pine weevil, 210, 222, 227-228, 
327 

White spruce, 274, 326 
White- tailed deer, see Deer 
Wildlife, beneficial effects of, 266, 269, 
272-273, 274-275, 276 
control of, by bounty system, 269 
by burning, 28, 274 
by destroying dens, 268 
by disease, 275 

by fencing, 265, 266, 268, 272, 276 
by natural enemies, 265, 269, 273, 
274 

by poisoning, 260, 269-270, 274 
by repellents, 266, 271 
by shooting, 260, 265, 268, 269, 272, 
273, 276 

by trapping, 260, 268, 270, 273 
definition of, 257 

effects of fire and cutting on, 26, 29, 
258-259 

general injurious effects of, 258 
identification of specific injuries by, 
258, 270 

relation to other injurious agencies, 10, 
257-258 

Wildlife seed destruction, 272, 273, 275 
WiUow, 271, 326 
Wilt disease, 218 
Wilting, 284, 289 

Wind, beneficial effects of, 289, 309 
control of injurious effects of, 315-320 
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Wind, detrimental effects of, 209, 288, 
291, 292, 296, 297, 309-316 
direct physiological injuries by, 311 - 
312 , 315, 316 

effect on forest atmosphere, 311 , 316 
effect on soil, 309 - 310 , 316 
influence of, on fire danger, 42, 46-47, 
48, 61, 131, 133, 135, 136, 140, 141, 
142, 144, 178 

on rate of spread of fire, 37, 38, 39, 
46 - 47 , 114, 126-127, 178 
mechanical injuries by, 285, 312-315 
north, 46 
Santa Ana, 46 

Wind breakage, 313, 314, 316 
Wind erosion, 281, 309-310 
control of, 318-320 
Windfall, 127, 139, 313 , 316 
Wind-resistant border zone, 316 
Wind-resistant species, 314, 317 
Windthrow, 121, 293, 313 , 314, 316, 317 
Winter killing, 282, 286 , 286-287, 290 
Witch’s-broom, 193 

Wood cylinders, see Fuel-moisture-indi- 
cator sticks 
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Wood-destroying insects, 213, 214, 236 
Woodgate gall rust, 196 , 326 
Woodland cover type, 124 
Woodland pastures, 241, 242 , 243, 250, 
255 

Woodpeckers, 275 
Work-period, 163 , 163 
Wounds, relation of, to atmospheric 
agencies, 281-282, 285-286, 289- 
290, 296-297, 314, 322 
to fire, 18, 21-22 
to fungi, 190-191 
to insects, 22, 212 

Yellow birch, 284, 290, 325 
Yellowpoplar, 20, 243, 284, 326 

Zones, camper-fire, 57, 58 
fire-control, 128 
forest, 290, 300, 303, 304, 305 
incendiary fire, 57 
lightning fire, 57 
risk-occurrence, 67 
snow-damage, 305 
wind-resistant border, 316 
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